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A  stud;  of  tbs  .relationships  between  wind,  ver¬ 
tical  temperature  data,  and  twentj-four  hour  sulfur 
dioxide  concentration  data,  collected  from  Decemoer  5, 
1963  to  February  2d,  1963#  was  made.  The  sulfur  dioxide 
staples  were  collected  at  twenty  sampling  sites  in  the 
St.  Louis  metropolitan  area. 

KMOX-TV  tower,  located  in  the  central  commercial 
and  industrial  seotlon  of  the  metropolitan  area,  was  in¬ 
strumented  with  three  aspirated  thertt^l  sensing  units* 


placed  at  127*  249*  and" 


feet  above  the  ground.  Two 


anemosMtere  were  Installed,  one  at  the  127  foot  level 


and  one  at  the  452  foot  level.  Wind  recording  stations 
in  north,  west  and  south  sections  of  the  metropolitan 
area  were  utilized.  The  recorded  meterorologioal  data 
were  reduoed  to  average  hourly  values  by  the  Public 
Health  Service's*  Taft  sanitary  Engineering  Center* 
Cincinnati,  Ohio. 

The  assumption  of  uniform  sulfur  dioxide  pollution 
during  the  twenty-four  hour  period  was  made.  The  tempera* 
ture-d  if  fere  nee  s  recorded  at  the  TV  tower  were  classified 
into  five  stability  categories;  s upersdiabatic  dry-adia¬ 
batic,  lapse,  isothermal,  and  Inversion.  The  wind  data 
were  reduoed  to  sixteen  direction  intervale. 

The  eulfur  dioxide  concentrat ions  wero  related  to 
Sg  -A  -iN  «C>  f*.  \  + 

the >«%sli -ty>e ategbrie ^a nd^ w>iKd  dl^rec Uon .  The  average 

pollution  concentration  was  determined  for  each  stability 

eategory  and  wind  interval  at  each  sampling  site.  The 


four  highest  averags  concentrations,  taken  from  pol¬ 
lution  rosea,  generally  indicated  the  center  of  the 
metropolitan  art  a  as  the  primary  pollution  source. 

A  large  number  of  the  stronger  than  average  concen¬ 
trations  ooourred  in  other  than  stable  conditions. 

This  would  indicated  that  "fumigation*  la  an  important 
process  in  this  area. 

An  analysis  of  the  vertioal  temperature 
structure,  recorded  by  the  thermal  sensing  units  on 
the  K.^'OX  TV  tower,  showed  the  249-452  feet  layer  to  be 
more  unstable  than  the  127-249  feet  layer  when  hourly 
frequencies  of  the  stability  categories  were  considered. 
An  atmopfaeric  stability,  topography,  and  sulfur  dioxide 
relationship  showed  all  sampling  sites  located  above 
500  feet  mean  sea  level  experienced  maximum  average 
stablllty-oonoentratlons  only  during  stable  conditions 
in  the  249-542  feet  layer.  There  waa  no  build-up  in 
the  aulfur  dioxide  concentrations  indicated  during  the 
longer  stable  periods. 
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CHAPTER  I 


INTRODUCTION 

The  problem  of  air  pollution  is  not  what  on* 
would  call  a  new  one.  Wood  was  "the  fuel"  through 
earlier  periods  of  histcryi  as  the  forests  became 
denuded  a  need  for  a  substitute  arose*  Vith  the 
introduction  of  coal,  approximately  in  the  13th 
century,  the  problem  of  air  pollution  was  born.  Coal 
was  considered  an  "unnatural"  fuel)  its  sulfurous  com¬ 
bustion  products  confirmed  its  suspected  association 
with  anticlerical  forces.  The  use  of  coal  gave  rise  to 
neighborhood  "action  committees"  to  protest  against  its 
e*  dent  pollution  of  the  atmosphere. 

In  England ,  Germany  and  elsewhere  on  the  con¬ 
tinent  various  limitations  to  the  use,  importation,  and 
transportation  of  coal  were  proclaimed,  in  isolated  in¬ 
stances  thera  is  evidence  that  oapital  penalties  were 
Imposed  (5). 

Earlier  efforts  at  control  centered  around  smoke 
primarily  and  later  gases;  principally,  sulfur  dioxide. 
Chambers  (5)  relates, 

"In  1661  a  most  remarkable  pamphlet 
was  published  by  royal  oommand  of 
Charles  II.  it  consisted  of  an  es¬ 
say  entitled,  'Fumifugium:  or  the 
Inconvenience  of  the  Air  and  Smoke 
of  London  Dissipated;  together  with 
some  remedies  Humbly  Proposed,' 
written  by  John  Evelyn.  It  is  un¬ 
fortunate  that  the  author's  17th 
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Century  style  has  attracted  more 
attent  ion  in  the  20th  Century 
than  has  the  content  of  hie  paper. 

Evelyn  clearly  recognized  the 
sources,  and  the  broad  aspects  of 
the  control  problem,  to  an  extent 
not  far  surpassed  today  exoept  for 
detail  and  for  chemical  and  physio¬ 
logical  terminology. * 

Hammon  et  al  (14)  compared  minimum  temperatures, 
from  1891  to  1695  Inclusive,  between  a  Forest  Park  He- 
teorologioal  observatory,  located  about  one  half  mile 
from  the  mid  point  of  the  east  park  boundary,  and  the 
United  States  Veather  Bureau  Station,  located  at  Eighth 
and  Olive  Streets  in  St.  Louis. 

The  Veather  Bureau  instrument  shelter  was  situ¬ 
ated  110  feet  above  street  level  and  10  feet  above  a 
copper  roof.  In  contrast  the  Forest  Park  shelter  was 
10  feet  above  the  sod. 

An  average  difference  of  plus  4.6F  in  minimum 
temperatures  was  noted  for  the  urban  area  oompared  to 
Forest  Park.  This  evidenced  the  heat  island  phenomena. 
Hammon  et  al  commented  that  the  exoess  smoke  over  the 
oity  was  probably  the  cause  for  the  difference.  This 
is  one  of  the  earlier  published  air  pollution  observa¬ 
tions  in  St.  Louis. 

0.  V.  Villiamson  (38),  in  an  address  to  the  56th 
Annual  Meeting  of  the  Air  Pollution  Control  Assooiation 
in  1964  commented. 
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"Air  Pollution  control  (with  very 
few  exceptions  such  as  the  speoial 
field  of  fallout)  is  concerned  to, 
shall  we  say,  the  lowest  1500  yarde 
of  our  atmosphere#  Nor  is  it  con¬ 
cerned,  despite  occasional  efforts 
to  so  extend  it,  to  every  part  of 
our  land  mass,  or  48  states.  It 
can  be  pinpointed  to  a  limited 
number  of  isolated  places  and,  by 
all  odds,  mostly  to  air  within  a 
few  miles  beyond  the  periphery  of 
larger  oities.  Circles  of  perhaps 
a  twenty  mile  radius  would  cover 
the  preponderant  numbers  of  major 
centers. " 

These  limitations  of  Williamson  do  not  seem  to 
bs  warranted  by  the  facts.  During  this  author* s  three 
year  residence  at  Portsmouth,  New  Hampshire,  as  a  me¬ 
teorologist,  visibility  was  frequently  reduced  by 
• 

pollutants  which  migrated  a  minimum  of  forty  miles  so 
that  a  good  rule  of  thumb  for  visibility  forecasting 
was,  "Under  antioyclonio  influence  and  a  sustained 
southerly  to  southwesterly  flow  of  twenty-four  hours  or 
more  decrease  the  normal  ten  miles  plus  visibility  to 
six  or  seven  miles  and  after  forty-eight  hours  decrease 
it  to  a  maximum  of  four  to  five  miles."  The  cause  of 
the  decreased  visibility  did  not  originate  within  twenty 
miles,  but  from  a  part  of  the  megaopolls  which  extends 
from  Boston  to  Washington,  D.  C. 

The  Los  Angeles  Basin  and  the  Oxnard  Plain  are 
separated  by  an  extension  of  the  San  Gabriel  Mountains. 
The  author  of  this  thesis  was  a  forecaster  at  Oxnard  Air 
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Force  Base*  California  for  two  years*  Forecasters*  at 
Oxnard*  noted  that  a  sustained  southeasterly  flow 
along  the  coast  advected  the  pollution  thirty  to  forty 
miles  from  the  Los  Angeles  Basin  into  the  Oxnard  Plain. 
Here,  too,  the  arrival  of  pollution  drastioally  reduces 
risibility. 

Bringing  the  problem  closer  to  home,  in  April, 
1964,  while  flying  between  St.  Louis  and  Cincinnati, 
this  author  followed  the  metropolitan  St.  Louis  smoke 
plume  to  a  power  plant  looated  on  the  Wabash  River,  Just 
northeast  of  Hutsonville,  Illinois,  a  distance  of  one 
hundred  forty  miles.  The  plume  was  still  well  defined. 
Due  to  more  pressing  matters,  I  was  forced  to  discontinue 
my  observation.  As  recently  as  1000  Central  Standard 
Time,  20  February  1965,  while  flying  to  Memphis,  this 
author  noticed  a  well  defined  smoke  plume  passing  over 
Blytheville,  Arkansas.  The  smoke  was  streaming  up  from 
the  south- southeast.  I  followed  it  to  a  factory  located 
on  the  northern  outskirts  of  Memphis.  The  distance 
travelled  was  in  excess  of  fifty  miles.  These  are  but 
four  examples  of  pollution  extending  veil  beyond  the 
twenty  mile  limit  as  proposed  by  Williamson. 

To  what  degree  these  constitute  a  health  hasard 
has  yet  to  be  determined.  Thus,  we  oannot  pull  our  heads 
into  our  shells  claiming  only  a  relatively  small  area  is 
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affected,  and  likewise,  we  oannot  gallop  off  on  our 
*hite  chargers  and  indiscriminately  place  limitations 
on  industry,  or  for  that  matter,  on  the  automobile, 
bus  and  truck  drivers  or  the  heating  of  residences,  etc. 
The  metropolitan  area  needs  industry,  as  much  as  indus¬ 
try  nseds  the  met®  politan  area.  The  basic  aspect  of 
the  complex  problem  of  air  pollution  demands  urgent 
attention.  Ve  must  oome  to  an  understanding  on  the  me  - 
dioal  implications  of  air  pollution  ;  to  set  realistio 

etandards,  as  well  as  reasonable  and  economical  oontrol 

* 

methods. 

It  is  hoped  that  this  paper  will  reveal  some  of 
the  meteorological  factors  that  influence  variation  of 
eulfur  dioxide  ooncentratiao  s  in  the  St.  Louis  Metro¬ 
politan  area. 
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The  fatalities  associated  with  the  infamous  snogs 
of  DeooxnDer,  195 2  at  London,  England  and  at  Lonor^, 
Pennsylvania  in  Octooer,  194^  hate  drawn  attention  to 
the  health  aspects  of  air  pollution.  The  undesirability 
of  sulfur  dioxide  in  the  atmosphere  has  been  recognised 
beoause  of  its  highly  irritating  effeot  on  the  respira¬ 
tory  system,  its  adverse  effeot  on  plant  life  in  concen¬ 
trations  as  low  as  0.3  PPM.  An  insidious  side  of  air 
ppllution  is  that  of  property  damage.  It  is  estimated 
the  annual  coat  to  the  nation  is  over  $11  billion. 

"Sulfur  dioxide,  a  ocnmon  contaminant 
in  the  air  of  virtually  si.  1  towns  and 
cities,  oauses  deterioration  of  many 
materials.  It  attacks  metals,  parti¬ 
cularly  jfron  and  steel.  Limestone, 
marble,  rboflng  slate,  mortar,  and 
other  carbonate-containing  stone,  are 
partlsdly  converted  to  water-soluble 
sulfates,  which  are  leached  away  by 
rain.  Sulfur  dioxide  has  an  affinity 
for  leather,  causing  it  to  weaken  and 
rot.  Costly  damage  to  upholstery  end 
book  bindings  has  been  produoed  by 
its  action.  Cotton,  wool,  and  nylon 
ara  all  weakened  by  sulfur  dioxide." 

(30) 

Blenatoek,  Field  and  Benson  (4)  point  out  that 
slnoe  World  War  II  thers  has  been  an  increased  ttsege  of 
low  sulXUr  content  fuels.  But  as  these  fuels  become  less 
available  end  fuel  demands  become  greater,  more  higher- 
sulfur  oontent  fuels  must  be  used.  Though  there  has 
been  an  improvement  in  reoent  years  on  the  sulfur  dioxide 
emission  by  use  of  lov.^sulfur  fuels,  the  problem  again 
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looms  on  the  horlson.  ?here  art  two  general  methods 
of  approach  to  tha  oontrol  of  sulfur  dioxide  emission 
Into  tha  atmoaphsre;  aithar  by  removal  of  sulfur  from 
tha  fual  prior  to  oombustion,  or  by  removal  of  sulfur 
dioxide  from  tha  products  of  combustion*  Bienatoek, 

Field  and  Benson  discuss  various  processes  for  both 
types  of  control*  It  is  pointed  out  in  their  discus* 
sion  that  there  is  concern  of  depletion  of  the  sources 
of  raw  sulfur  for  use  in  industrial  processes,  and  yet, 
id  the  United  States,  the  total  amount  of  sulfur  emitted 

i 

to  the  air  by  burning  fuels  is  larger  than  the  amount 
of  raw  sulfur  mined  plus  the  amount  imported* 

Fletcher  (12)  analysed  the  "Donor*  Smog  Disaster" 
showing  the  primary  causes  to  bet 

1*  Position  sources  nearby  end  active, 

2*  Tomography, 

3*  The  lowv»r  atmosphereio  layers  having 
great  stability,  and  weak  winds  blowing  from  the  ?4i- 
lutant  source, 

4*  Humidity  in  the  lowest  k  yers  such  that 
fogs  formed  end  persisted, 

5#  Large  soale  synoptlo  conditions  were 
stagnant  for  a  minimum  of  four  days* 

Church  (6)  classified  smoke  plumes  according  to 
visible  characteristics  (figure  2)  end  analyied  thee© 
eleaeificetiona  for  typioal  occurrence,  stability,  wind, 
turbulence  conditions,  characteristic  dispersion,  end 


during  a  aunawr  morning,  according  to  Hawaon  (15). 
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ground  eontaot*  It  should  be  noted,  invisible  emitted 
gases  will  assume  these  same  dispersion  characteris¬ 
tics  under  like  atmospheric  conditions* 

1'hus,  it  is  evident,  the  relationship  of  the 
height  of  the  emitting  stack  to  that  of  tne  inversion  is  ' 
most  important*  One  cannot  stop  with  the  mere  height 
of  the  stack,  but  must  oonsider  tha  virtual  ataok  height, 
dependent  on: 

a*  volume  rate,  b*  effluent  temperature, 
o*  ambient  air  temperature,  d*  ambient  air  temperature^ 
lapae  rate,  e*  effluent  density  at  a  stated  temperature, 
f*  effluent  velooitjr,  g*  wind  speed,  h*  stack  diameter* 

Eean  et  el  (6)  invegtigated  a  very  severe  pol¬ 
lution  problem  associated  with  a  smelter  et  trail  British 
Columbia,  Canada,  looated  in  tha  Columbia  River  Valley* 
Hewaon  and  Gill  (8)  performed  a  very  detailed  analysis 
on  the  meteorological  variants*  It  was  dstsrmined  that 
there  were  several  types  of  atmoapherie  pollution  traps* 
One,  that  o'*  an  lnvaraion  capping  the  area  with  light 
winds  below  the  inversion  allowing  little  lateral  and 
vertical  diffusion  and  the  pollution  extending  from 
the  ground  to  the  base  of  the  inversion*  A  second  type 
known  as  "fumigation"  la  shown  by  the  sequence  of  events 
in  figure  1*  An  Isothermal  layer,  or  Inversion  layer,  must 
be  situated  a  short  distance  above  the  top  of  a  amoks 
stack*  The  emitted  pollution  stabilises  at  the  "virtual 
stack  height  (6)*"  The  only  dispersion  is  due  to  the 
wind,  which  la  usually  light*  Thus,  there  is  e  high 
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eonoentration  of  pollution  Aloft*  The  sun  heats  the 
surface,  whioh  in  turn  heats  tha  layer  of  aurfaoa  air, 
produoing  a  auparadiabatie  condition,  and  marked  tur- 
bulanaa*  Aa  tha  upper  boundary  of  tha  turbulent  aur¬ 
faoa  layar  move a  upward  into  tha  layer  of  hignly 
oonoentrated  pollutants  aloft,  then  the  pollutanta  very 
rapidly  descend,  producing  nearly  simultaneous  fumiga¬ 
tion  over  the  area*  Aa  the  upper  boundary  of  tha 
turbulent  layar  continuea  to  riae  upward,  dlffuaion  of 
tha  gas  proceeds,  leading  to  exponentially  decreasing 
aurfaoa  ooncentratlcn,  thereafter*  This  author  noted  a 
condition  of  this  type  at  Twelfth  and  Market  Street^ 
during  January,  1964  at  0900  hours*  The  smoke  billowing 
downward  appeared  as  a  well  developed  mamma tua  type 
oloud*  tfhen  it  reached  the  surface,  the  air  beoame  very 
aerid  and  oauaed  one  to  oough*  The  visibility  at  street 
level  prior  to  the  fumigation  was  at  least  three  miles* 
With  the  advent  of  fumigation,  the  visioility  decreased 
to  at  best  one-half  alia* 

Oartrell  et,  al.  (13)  attempted  to  derive  a 
formula  whloh  would  give  ground  level  sulfur  dioxide 
aoncentrations  resulting  frost  single  source  emitters* 
Applying  Sutton's  (3 2)  diffusion  equation  to  averaged 
conditions,  they  found  fair  correct  tion,  but  yhan 
applied  to  specific  instances,  they  found  wide  discre¬ 
pancies*  They  were  dealing  with  concentration  changes 
of  intervals  hourly  or  less*  It  was  pointed  out  that 
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stacks,  which  emit  below  an  inversion,  frequently  tend 
up  gases  whloh  are  hot  enough  to  break  through  inver- 
alone}  thus,  decreasing  the  ooncentratlona  in  the  lower 
level  below  anticipated  values. 

Hosier  (20)  compiled  seasonal  and  annual  fre¬ 
quencies  for  low  level  inversions  over  the  United  States. 
The  data  consisted  of  two  year  samples,  and  he  considered 
only  the  frequency  of  inversions  and/or  isothermal  layers 
baaed  at  or  below  500  feet  above  station  elevation.  The 
nooturnal  period  was  considered  stable  if  an  inversion 
was  observed  on  the  soundings,  he  did  not  consider  any 
daylight  Inversions.  He  felt  the  above  assumption  did 
not  seriously  Invalidate  his  findings  through  comparison 
of  seleoted  instrumented  towers  and  dose  by  radiosonde 
Observations.  This  author  feels  it  would  certainly  weigh 
the  observations  toward  Increased  inversion  frequency. 
Statistical  study  was  made  of  the  relationship  of  night 
time  oloud  cover  and  wind  speed  to  inversion  frequency. 
Foor  correlation  was  found  between  these  parameters  for 
all  seasons.  It  was  noted  that  the  radiosonde  stations 
located  at  airports  are  located  on  the  outskirts  of 
oltles;  thus,  the  inversion  frequencies  are  representative, 
for  the  most  part,  of  nocturnal  invsraiona  of  a  aeml- 
rural  or  auburban  area.  Consequently ,  one  would  expeot 
to  find  lower  frequencies  for  oentral  city  area  due  to 
meohanlcal  turbulenoe  and  heat  effects  imposed  by  large 
metropolitan  area. 
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Landsbsrg  (21)  shows  ths  following  effect  of  s 
typioally  lsrgs  city  on  ths  average  climatic  condi¬ 
tions  in  rural  area. 


Tsois  1.  Climstio  Comparison  urban  vs  Rural 


Pollution!  Combustion 
Nuclei 

S02 

C02 

CO 

Smoke 

Change  Compared  to 

Rural  Area 
auout  15  times  more 

about  5  times  more 

about  10  times  mors 
several  100  pereont  more 

Temperature ; 

♦1  to  +1.5  P 

Annual  mean: 

Winter  minimum: 

+2  to  >3  F 

Wind  Spe  ed: 

Mean 

-25  percent 

•  Extremes 

-20  percent 

♦5  to  *20  percent 

Hand  (15)  on  comparing  downtown  Boston  with  ths 
Blue  Hill  Observatory  tan  miles  to  the  south-mouthwsst 
determined  that  the  city  received  approximately  eighteen 
percent  leaa  Insolation  than  Blue  Hill. 

Neiburger  (25)  on  comparing  contaminants  from 
combustion  of  ooal,  oil  and  natural  gas  in  industrial 
boiler  (in  lbs/10  BTU):  Sulfur  dioxide*  coal-21;. 4, 
oil  17.5.  and  natural  gas  0.02*  we  see  ths  more  smoke 
producing  fuels  produce  more  sulfur  dioxide.  It  appears 
to  be  logioal  to  assume  that  an  increase  or  deorease  of 
smoke  should  be  proportional  to  an  increase  or  decrease 
of  sulfur  dioxide. 

The  thermal  structure*  uoth  vertical  and  horisontal, 
ware  studied  by  Duckworth  and  Sandberg  (10)  'in  three  ur¬ 
ban  communities  in  California  near  San  Francisco.  Their 
study  showed  not  only  that  fc  rgs  temperature 
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gradients  occurred  at  nifcht  between  open  and  urban  area, 
but  also  tout  tnia  temperature  effect  frequently  caused 
instability  up  to  ubout  three  times  the  roof  height* 

Ihe  study,  whicn  included  San  Jose  and  Palo  Alto, 
California,  also  related  tne  magnitude  of  this  heating 
effect  to  tnd  size  of  the  city;  the  more  developed  the 
olty,  the  mere  it  modified  its  atmosphere;  thus,  so- 
cording  to  this  study  tn#  larger  the  olty,  the  less 
likely  for  it  to  have  surface  inversions*  This  con¬ 
clusion  was  oased  on  three  criteris. 

1*  lue  least  distance  in  miles  along  which 
a  IF  temperature  change  was  observed,  based  on  measure¬ 
ments  from  the  island  center, 

£•  Tne  amount  of  conti^ous  area,  in  square 
miles,  enclosed  by  tbe  isotherm  teat  was  plus  2  F  greater 
than  the  mean  for  the  city,  aa  based  on  maximum  and  mini¬ 
mum  temperatures, 

3*  Tne  difference  between  the  maximum  and  mini¬ 
mum  temperatures  recorded  in  tne  observed  areas* 

tieulch  (3)  investigated  sulfur  dioxide  concentra¬ 
tions  and  their  relation  to  the  fluouatlon  of  wind 
directions*  tie  found  the  more  variable  wind  directions 
resulted  In  smaller  sulfur  dioxide  concentrations* 

DeKarrais  (9)  in  examining  the  vertloal  tempera  • 
ture  ohangea  over  urban  areas  and  open  country,  dis- 
covsrdd  a  great  difference  between  the  two*  Unpopulated 
areas  show  surface  inversions  almost  nightly  and  supera- 
diaoutio  lapse  rates  exist  during  the  dear  daylight  hours* 
The  urban  data  other  than  being  suparadiabatic  during 
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daylight  hours  showed  no  other  general  feature. 

Mootumal  Inversions  rarely  oocurred  from  60  to  524  feet. 
He  aade  no  attempt  to  oorrelate  tower  data  with  pol¬ 
lutant  concentrations. 

Using  the  following  assumption)  that  venti¬ 
lation  aoooc.pllshed  only  by  wind,  a  square  olty,  an 
Inversion  limiting  vertical  escape  of  gas,  a  pollutant 
source  over  the  ent' ■*  area,  an  emission  mixed  immedi¬ 
ately  after  release  Into  the  cities  volume  atmosphere, 
Smith  (28)  derived  the  formulate  r05/uK  as  an  aid  to 
determine  the  order  of  magnitude  of  pollutant  concen¬ 
tration  equilibrium  where  time  Is  large.  S  Is  equal 
to  the  side  of  olty  (kilometers),  t  Is  time  (seconds), 
lx  the  mean  wlndspeed  (meters/second ) ,  k  the  height  of 
the  Inversion  (meters),  X  the  pollutant  concentration 
(grams/oublc  meter).  He  further  determined  the  tine 
required  to  achieve  ninety  peroent  of/Tels  given  by 

L.  =  ?.3(s/u). 

STJDI  3  Ob  SI.  LOUIS 

St.  Louis  has  been  aware  of  Its  pollution  prob¬ 
lem  as  early  as  the  late  1800’ s.  the  first  major  step 
toward  oontrol  of  pollution  came  with  the  enactment  of 
the  Smoke  Abatement  Legislation  In  1939.  St.  Louis  was 
one  of  the  few  olties,  out  of  twenty-four  listed,  that 
showed  an  lnorraae  In  visibility  during  the  time  of  the 
study  period  (19).  The  years  compared  were  1930  to 
1938  Inclusive  versus  1958  to  i960  Inclusive. 
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Thla  points  to  the  beneficial  results  from  the  leglala- 
tion.  It  was  estimated  tha  sacks  was  redueed  b y 
seventy-five  percent. 

Schuexaeman  (27)  discussing  tha  results  of  a 

1936-37  and  1950  study  of  sulfur  dioxide  concentration 

in  St.  Louis  noted  an  average  reduction  of  63  percent 

during  tne  winter  months.  Sohueneaan  observe* 

"...wind  velocity  does  not  affect 
sulfur  dioxide  concentrations  to 
any  extent  during  the  summer  but 
during  the  winter  there  la  a  de¬ 
cided  trend  towards  lower  concentra¬ 
tions  with  higher  wind  velocities." 

Hurl  no  (24)  attempted  to  correlate  the  sulfur 
dioxide  concentration  measured  at  a  single  station  with 
various  weather  parameters*  measured  in  the  neighboring 
vicinity.  He  found  seasonal  and  diurnal  variations  of 
sulfur  dioxide  amounts*  variations  with  wind  directions* 
with  wind  velocities*  variations  with  pressure  and 
hgmidlty*  variations  with  temperature  and  precipitation 
amounts*' 

Barnum  (2)  attempted  to  correlate  single  station 
COH  values  with  rain*  wind  direction*  pressure*  speel- 
flo  humidity  and  temporal  changes  in  the  forementioned 
parameters*  Results  were  disappointing*  but  this  au¬ 
thor  feels  the  primary  problem  was  the  location  of  the 
saoqpler.  It  was  looated  in  the  center  of  the  heaviest 
polluted  area  and  thus  variations  due  to  the  wind  di¬ 
rection*  eto.*  would  be  slight.  tiebley  (16)  also 
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oonourrsd  with  this* 

"The  condition  of  concentrations  of 
impurities  in  the  center  of  an  in¬ 
dustrial  or  smittanoe  area  is  more 
or  less  constant  no  matter  how  the 
wind  changes  its  direction." 

Temporal  changes  yielded  rery  poor  correlations  also. 
Although  Barnum  was  sampling  particulate  matter  (COH), 
this  author  concluded  earlier*  sulfur  dioxide  should 
be  direotly  related  to  the  amount  of  smoke  produood. 

The  mesometeorologioal  circulation  in  the 
Mississippi  Rirsr  Bottoms  (Cahokia  Bottoms)  was  ex¬ 
amined  by  Arnold  (1).  He  instrumented  the  WEV  Radio 
Tower  with  three  anemometers  located  15,  110,  and  220 
feet  above  the  ground.  Also,  a  Gelman  Automatic  Photo¬ 
taps  Sampler  Recorder  was  situated  15  feet  above  the 
ground.  The  WEV  tower  is  six  and  one-half  miles 
slightly  south  of  due  east  from  the  KMOX  TV  Tower. 

WBV  is  located  at  the  intersection  of  Bunkum  Road  and 
Harding  ditch.  Among  Arnold’s  findings  wersf 

1.  Wind  at  the  WEV  tower  site  varied  from 

the  winds  of  the  Weather  Bureau  at  Lambert  Field  forty- 

four  perosnt  of  the  time  at  night  and  thirty-four  per¬ 
cent  by  day. 

2.  The  temperature  at  WEV  varied  from  downtown 
temperature,  recorded  on  top  of  the  United  States  Court 

and  Custom  House  Building,  a  mean  of  -7  F  to  a  maximum 
of  -15  F  on  nights  with  calm  or  light  wind  condi¬ 
tions.  The  oonveotion  associated  with  the  large 
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temperature  differential  reaulted  in  a  flow  towards 
the  "cities’  heat  island”. 

3*  inversions  were  quite  common  in  the 
Bottom.  During  the  period  studied,  inversions  of  5° 
or  jaore  ocourred  almost  two-thirds  of  the  atrnings  with 
the. great  nagnltude  of  27  F.  Eighty  percent  of  the 
inversion  mgnitudes  were  below  the  tops  of  the  sur¬ 
rounding  hills  having  600  feet  elevations. 

4«  An  unexpected  finding  showed  that  moot 
saolce  partloulate  natter,  collected  at  the  WhW  site, 
came  under  southwesterly  circulation,  l.e.  not  from 
the  dlreetion  of  the  naxinua  enittanoe.  This  indi¬ 
cated  a  oounterflow  under  the  inversion. 


STATEMENT  OF  PROBLEM 


Eow  do  t h#  temperature  lapse  rates J  determined 
fron  temperature-differences,  measured  at  three  levels 
on  an  instrumented  *KOX  TV  lower  in  downtown  St*  Louis 
( located  at  13th  and  Cola  Streets)!  and  wind*  observed 
at  tha  Tower  and  thraa  othar  locations  in  the  rsetropo- 
litan  area,  ralata  to  tha  twenty-four  hour  sulfur 
dioxide  concentrations  sampled  at  twenty  sites  in. tha 
metropolitan  r.reaT 
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CHAPTER  II 


THE  DATA 

THE  SULFUR  DIOXIDE  DATA 

The  United  State*  Public  Health  Service,  An 
cooperation  with  local  agencies,  la  conducting  an  ex¬ 
tensive  air  pollution  study  in  the  St.  Louia-Eaat  St* 
Louis  .Metropolitan  Area.  The  sulfur  dioxide  data  from 
the  multi-station  sampling  network  used  in  this  study 
ware  collected  during  toe  period  Deoembsr,  1963  through 
February,  1961*.  The  aeroaetrle  data  from  this  sampling 
network  will  provide  a  reliable  scientific  means  of 
coaputlng  specific  ambient  pollution  concentration 
based  on  diffusion  related  to  known  source  emissions* 
and  given  meteorological  parameters  (11).  These  data 
will  aleo  provide  baeic  Information  to  aaalat  in 
establishing  sulfur  dioxide  air  quality  standards  in 
the  future  and  to  aid  in  air  resource  management  ac¬ 
tivities. 


SAMPLING  SITES  AND  SAMPLING  PERIODS 

Ambient  concentrations  of  any  air  pollutant  Is 
a  consequence  of  source  emission  strength  end  the  dis¬ 
persion  capuolltty  of  the  atmosphere.  It  was  therefore, 

*  The  Sulfur  Dioxide  emission  inventory  is  bein& 
collected  at  this  time. 
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Milos  from  Eads  Bridge 

Figure  3.  East-West  Tapographic  cross  secti'  n  through  Eads  Bridge 
Sulfur  Dicxi.de  sites  elevation  (KSL). 
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deemed  desirable  to  measure  ambient  oonoentration  of 
sulfur  dioxide  during  the  season  of  relative  maximum 
oonoentration;  a  compromise  of  highest  omission  at  the 
souroe  and  greatest  atmospherio  stability, 

The  sampling  operation  was  cycled  on  the  basis 
of  a  pollution  day.  The  sampling  time  began  and  ended 
at  1400  looal  time  each  day.  The  concentration  of  sul¬ 
fur  dioxide  is  in  the  middle  of  the  usual  daily  inter¬ 
val  of  low  concentration  at  this  time  (24) (27).  This 
allows  the  sampling  oycle  to  run  from  daily  low  oonoen¬ 
tration  to  daily  low  oonoentration,  thereby  reduoing  the 
ohanoe  of  changing  oolleotion  bubblers  on  the  instrument 
in  the  middle  of  the  diurnal  oonoentration  peak.  X 
total  of  1,429  twenty-four  hour  samples  were  taken  and 
analyzed  during  the  December,  1963  to  February,  1964 
operations.  The  geographioal  locations  and  area  classi¬ 
fication  of  the  twenty  stations  operated  during  the 
1963-64  sampling  season,  are  inoluded  in  Appendix  A, 
elevations  are  shown  in  figure  3. 

SULFUR  DIOXIDE  GAS  SAMPLER 

A  twenty-four  hour  gas  sampler  was  located  at 
each  of  twenty  sampling  sites,  figure  4a  and  4b.  The 
sampling  units  were  mounted  on  utility  poles  at  appro¬ 
ximately  10  feet  above  ground  level.  This  was  high 
enough  to  disoourage  tampering,  yet  low  enough  to  be 


safely  accessible  for  dally  servicing.  Eleotric 
powr  waa  provided,  for  the  vacuum  pump,  through  a 
grounded  thirty  ampere  circuit  breaker  box  mounted  on 
tha  pole#  Tha  olreult  braakar  waa  eonnaetad  to  tha 
pola'a  aaoondary  alaotrlcal  lines#  Tha  sanplera  wara 
aaaantlally  tha  baala  sampling  unit  amployad  In  tha 
Rational  Air  Sampling  Network  Oaa  Sampling  Program  (26) 
mod If lad  to  sample  for  a  aingla  gaaaoua  air  pollutant# 

■m 

Tha  aamplar  eonalata  of  a  bubbler  aolleotlon  unit  and 
an  axtarnal  vaouua  pump#  that  oparatad  twenty -four 
hours  a  day#  to  nova  tha  sample  d  air  through  tha  eol- 
laotor#  Tha  gas  pasaas  through  tha  bubblar  and  a 
critical  connecting  oriflea  to  tha  vacuum  pump.  Tha 
critical  connecting  oriflea#  a  27-guage,  5/8  inch  hy- 
podermle  naadla#  was  selected;  It  dallvarad  a  maximum 
flow  of  190  to  210  milliliters  par  minute  at  an  opera¬ 
tion  vacuum  of  20  inches  of  smroury  or  batter*  Tha  total 
volusm  of  air  sampled  by  a  bubolar  was  approx last a ly  290 
liters*  Tha  orltloal  airflow  through  each  needle  was 
measured  against  a  calibrated  flowmeter  before  and  after 
each  sample  was  collected#  The  maximum  allowable  flow 
rate  reduction  wac  ten  pmreent#  Under  similar  campling 
conditions  In  Haahville,  Stalkar  at  al  (30)  estimated  a 
♦10  percent  experimental  error  for  tha  determination  of 
free  atmoapherie  sulfur  dioxide.  Tha  calibrated  flow 
rata#  before  and  aftar  sampling#  was  recorded# 

Sample  loaaa  resulted  from  varying  reasons : 
malfunction  of  vaci  ua  pump#  tampering  by  Inf  Jars  and 
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Figure  5«  Twenty-four  hour  sulfur  dioxide 
concentrations  in  PPHM. 
tmmm  Isopleths  of  definite  values 
■»  •  Isopleths  of  probable  values 

Isopleth  values  from  median  values  for  20  locations 
from  December  1,  1963  to  February  29>  1964. 
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fressing  of  moisture  in  sample  r  lines.  The  ambiont 

sir  temperature  varied  from  a  low  of  -6  P  to  7 C^F. 

« 

Freezing  waa  avoided  by  mounting  two  30  watt  reaistanee 
type  heatera  in  the  sampler.  These  thesmostatioally 
oontrolled  elements  maintained  an  average  temperature 
of  75  F  in  the  saapk  rs. 

The  soapier  employs  the  ehemleal  absorption 
principle*  using  seleotive  liquid  reagent  filled  bub- 

i 

biers.  Sulfur  dioxide  is  strlppejl  from  the  sampled 
air  stream  by  the  complex  action  of  sodium  tetraohloro- 
meeurate  absorbing  reagent. 

ANALYSIS 

The  oollected  samples  were  sent  dally  to  the 
Kobert  A.  Taft  Sanitary  Engineering  Center*  Cincinnati* 
Ohio  for  analysis.  The  analytical  method  used  was  that 
of  West  and  Oaeke  (36)  as  modified  for  the  Auto-ana- 
lyxer  by  Weloh  and  Terry  (35) •  The  results  were  reported 
in  microgram  per  cublo  meter  and  parts  per  hundred 
million.  The  twenty-four  hour  median  values  for 
twenty  aitea  are  indloated  in  figure  5o 

JWOX.TV  TOmJLR  iNSTRl'MENIA  I1G3 

The  JQ4QX  TV  Tower  ie  loeated  in  the  commercial 
and  industrial  district  of  St.  Louis*  13th  and  Cole 
Street*  centrally  lc  sated  with  respect  to  the  metropo¬ 
litan  area.  It  is  loestsd  on  the  EMQX  TV  Studios 


Figure  I.  .  Lookii  g  North-  Figure  13.  Looking  Hast  Figure  14.  looking  South¬ 
east  from  the  127  foot  from  the  12?  foot  tower  east  from  the  127  foot 

tower  level.  level.  tower  level. 
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(height  3^  feat)  which  has  a  roof  of  tar  and  brown 
gravel  (figure  8).  To  the  north  and  to  the  eaat  of 
the  tower  la  an  asphalt  parking  lot. 

The  tower  la  instrumented  with  two  wind  re¬ 
cording  systems  and  a  vertical-temperature-differenoe 
measuring  system.  The  instruments  were  Installed  In 
the  spring  cf  1963*  They  are  attached  to  the  northwest 
oorner  of  the  tower.  Exposure  of  the  tower  to  atmos- 
pherio  flow  is  good  except  for  the  southeast  quadrant. 

Adjaoent  roofs  are  approximately  80  feet  below  the  127 

* 

foot  tower  level.  To  the  southeast  the  Post  Dlspateh 
building  rises  to  approximately  60  feet  above  the  street 
level.  Beyond  that  buildings  gradually  increase  in 
height  (figures  7,  8,  9,  10,  11,  12,  13#  14)  • 

TJfiKPERATURE-DlFPLRE NCK  i NLThUMENT3 

The  temperature-difference  measuring  system  is 
a  Leeds  and  Northrup  unit  (34) •  It  consists  of  three 
shielded,  aspirated  thermoha  units  connected  to  a 
Speedomax  Type  0  reoorder  by  means  of  a  mineral  insu¬ 
lated  oable.  The  aspirated  thermohm  units  are  looatedi 
127  feet  above  the  street  level  (468  feet  above  the 
mean  sea  level),  249  feet  above  the  street,  and  452  feet 
above  the  street.  The  recorder  is  located  in  the  base¬ 
ment  of  the  studio  building. 

The  temperature  sensing  element  is  a  Leeds  and 
Northrup  Thermohm  Detector  Type  8195-B  10  (34).  The 


Flow  of 
air 


32 


element  is  a  copper  wire  resistor,  having  100  ohms  re¬ 
sistance  at  77  F.  The  response  time  is  40  seconds, 
i.e.  90  percent  of  temperature  change  in  stirred  water 
moving  approximately  one  foot  per  second  occurs  within 
40  seconds.  Limit  of  error  is  __0.5  F  from  ICO  to  250  F. 
The  copper  wire  resistor  is  encased  in  a  drawn  brass 
tube  15/32  inches  outside  diameter  and  4  3/8  inches  long. 

The  aspirated  thermal  shield  (figure  15)  pro- 
teots  the  sensing  element  from  sensing  thermal  condi¬ 
tions  other  than  ambient  air.  There  has  been  a  gradual 
deterioration  on  the  paint  since  installation.  Ho  at¬ 
tempt  has  been  made  to  determine  the  magnitude  of  this 
effect.  But  it  is  felt  it  should  fall  within  the  error 
limit  of  the  sensing  elements  sinoe  the  primary  purpose 
i 8  determining  the  temperature  difference  and  the  ele¬ 
ments'  shield  paint  would  deteriorate  at  the  same  rate, 
hence  causing  little  error. 

The  recorder  is  a  Leeds  and  Northrup  Speedomax 
Type  G  (34).  It  records  the  temperature-difference  be¬ 
tween  the  127  foot  element  and  the  249  foot  element}  the 
127  foot  element  and  the  452  foot  element.  The  chart 
speed  is  three  inohes  per  hour.  The  temperature- 
differences  are  recorded  every  five  minutes  in  tenths  of 
a  degree  Fahrenheit.  The  recording  element  cycles  and 
moves  across  the  chart  so  as  to  print  a  number  (1  to  3) 


and  beside  the  number  a  dot  that  records  the  temperature- 
difference  for  each  layer.  The  traces  are  then  reduced 
to  average  hourly  values  by  the  equl-ar^-b  method  described 
In  the  wind  section. 

The  tec  pe  ra  ture.  sensing  elements  are  calibrated 
by  Immersing  <ach  one  In  a  stirred  Ice  oath.  The  maximum 
temperature  spread  allowed  la-J.l  7  oetween  Leeds  and 
Northrup  recorder  and  a  me  rcury- ln-gla ss  the rn oit.*  ter 
(graduated  In  tenths  of  a  degree  Fahrenheit). 

WIND  IMT-V  V..\'TS 

The  three  oendix  Frlez  wind  transmitters  (Kodel 
120)  are  located  127  feet,  250  feet,  and  4^9  feet  above 
the  street.  These  are  each  Individually  connected  to 
Aerovane  recorders  located  In  the  building  basement. 

The  wlndspeed  Is  measured  by  a  elx-oladed  Impel¬ 
ler  fastened  to  the  anature  of  a  tachometer  ma-neto. 

I 

Ihe  start  8re<d  of  the  Impeller  Is  1  3/4  Krh  and  the 
chart  Is  set  to  read  1  3/4  MI  H  when  wind  Is  calm.  The 
spefd  of  rotation  of  the  Impeller  (rotor)  la  directly 
proportional  to  the  speed  of  the  wind  etrlklng  the 
blades;  the  voltage  generated  uy  the  magneto. Is  8  func¬ 
tion  of  thc  wind  spe^d.  The  speed  of  the  wind  Is  marked 
cy  the  recorder. 

Wind  direction  is  measured  by  a  streamlined  vane 
which  Is  coupled  to  the  rotor  of  a  type  1  HD  Synchro. 

This  synchro  electrically  trans:.ltte  the  position  of 


the  vane  to  a  1  F  synchro  in  the  recorder;  the  angular 
displacement*  are  measured,  transmitted  and  reoorded. 


The  wind  direction  and  wind  speed  were  fed  into 
an  Aerovane  recorder.  There  was  a  recorder  for  each 
anemometer.  Inked  traces  of  wind  speed  and  wind  direc¬ 
tion  were  simultaneously  produced  on  a  continuous  paper 
chart  by  the  two-channel  reoorder.  The  recorder  has  a 
wind  speed  range  of  0  to  100  ? H  recorded  on  the  right 

channel.  Direction  data  fror,  0  to  Z^O  degrees  is  re¬ 
corded  on  the  left  channel.  The  ohart  drive  rate  is 
three  Inches  per  hour. 


WIND  DATA 

The  wind  observing  stations  consist  of  the  two 
anemometers  at  K..CA  TV  Tower  and  one  at  each  of  the 
following:  Lindbergh  r.lph  School ,  twelve  miles  south¬ 
west  of  the  K.CA  TV  Tower  (fc  1  on  area  reap);  /lssourl 
State  Highway  Fatrol  Station,  thirteen  and  one  half 
miles  west  of  the  TV  Tower  (V  2  on  ares  map);  and 
Hatelwood  high  School,  nine  and  one  quarter  miles  from 
the  TV  Tower  (’w  3  on  er- a  map).  Tha  anecometf  rs  are 
located  approximately  fifty  feet  abeve  ground  level. 

The  wind  equipment  la  the  same  as  on  the  TV  Tower.  At 
each  of  the  outlying  stations  relative  humidity  and 
temperature  are  also  recorded  on  Belfort  Instrument 
Corporation  hygrotherm  ographa. 
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The  wind  data  oharta  vara  raduead  to  average 
hourly  wind  diraction  and  wind  apaad  at  tha  Taft 
Sanitary  Engineering  Center,  Cincinnati?  Ohio*  An 
aqul-araa  method  waa  uaad*  A  curaor  llna  waa  placed 
on  tha  diraction  and  wind-epeed  llnaa  ao  that  thara 
waa  an  aqual  araa  between  tha  divided  data  llnaa  and 
the  curaor  line*  Thla  waa  dona  on  a  apaolally  built 
Machine*  "Q-aoar  Jay*"  Tha  machine  automatically  re¬ 
corded  tha  data  on  aaohine  punch  oarda*  Tha  hourly 
data  ware  raoordad  in  ailaa  par  hour  for  apaad  and 
in  whole  degrees  for  direction* 


CHAP'i&R  III 


ANALYSIS  OP  DATA 

POLLUTION  ROS£S 

The  use  of  a  pollution  rose  in  relating  tha 
wind  fiald  to  pollution  oonoantrationa  and  pollution 
souroea*  ia  common  (7).  Pollution  rosea  ware  computed 
for  the  stations  described  in  aeroaetrio  aaotlon*  Re¬ 
fer  to  Appendix  B  for  formats 

Toe  pollution  rose  used  in  this  study  consists 
of  a  tabulation  of  wind  direction  at  the  aeronetrio 
stations  and  ooncentration  categories  for  the  sulfur 
dioxide  sampling  sites*  An  average  concentration  for 
eaoh  direction  Interval  was  oaloulated*  The  concentra¬ 
tions  (microgram  per  cubio  meter)  are  added  for  all 
observations  of  eaoh  of  tha  sixteen  principal  directions 
of  the  oompaas*  These  concentrations  for  eaoh  direction 
are  then  divided  by  the  nuaoer  of  ooservations  for  eaoh 
direction*  yield  ing  the  average  oonoentration-dlrectlon* 
Since  we  are  dealing  with  twenty-four  hour  concentrations* 
it  ia  felt  that  this  ia  as  meaningful  an  analysis  as 
oan  oe  mar’s. 

A  tabulation  of  the  four  maximum  average  oonoen- 
tration-directlona  for  eaoh  station  and  site  are  shown 
in  Tabls  2*  The  sites  ere  grouped  according  to  their 
mean  tea  level*  It  was  then  determined  whether  the 
ooncentration  fell  within  one  direction  interval  of  the 
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TABLE  2 

FOUR  MAXIMUM  AVERAGE  CONCENTRATION-DIRECTIONS 
SULFUR  DIOXIDE  SITE-’-;  I  NO  STATION 


400 

TO  449 

FEET 

MSL  • 

1-1 

1-2 

1-3 

1-4 

1-5 

sw 

8.465 

S 

8.171 

SSE 

9.605 

SSE 

8.655 

SW 

9.165 

ssw 

7.820 

SW 

7.391 

SSW 

3.420 

S 

7.285 

SSW 

7.431 

SE 

7. 743 

ssw 

7.137 

SW 

7.64  3 

SE 

7.273 

s 

6.756 

WSW 

7.517 

SSE 

6.859 

WSW 

7.496 

SW 

6.975 

SSE 

6.347 

2-1 

2-2 

(1  ) 

2-3 

2-4 

2-5 

(  2) 

W 

8.166 

w 

7.371 

w 

8.617 

WSW 

9.455 

WSW 

9.592 

WNW 

5.774 

WNW 

7.170 

WNW 

6.98  3 

W 

5.613 

w 

5.711 

WSW 

4.754 

WSW 

5.354 

WSW 

5.004 

sw 

4.865 

ENE 

5.409 

ssw 

3.599 

NE 

4.111 

SW 

4.74  7 

ssw. 

4.015 

NE 

5.102 

4-1 

4-2 

4-3 

4-4 

4-5 

SW 

9.360 

SW 

8.76  6 

SSW 

9.14? 

SW 

8.588 

SW 

9.912 

SSW 

8.533 

SSW 

8.058 

WSW 

9.084- 

SSW 

8.599 

SSW 

8.815 

WSW 

7.815 

WSW 

7.054 

SW 

8.633 

r 

-I) 

8.024 

CLM 

7.166 

CLM 

6.130 

CLM 

6.44/ 

CLM 

6.628 

CLM 

5.242 

WSW 

6.215 

6-1 

1 

6-2 

6-3  i 

(  !) 

6-4 

6-5 

WNW 

5.006 

NW 

5.0^7 

WSW 

5.561 

W 

6.025 

W 

5.822 

WSW 

4.944 

WNW 

5.005 

W  NW 

5.556 

SW 

4.762 

WNW 

5.69  8 

CLM 

4.827 

WSW 

4.876 

W 

4.738 

WNW 

4.696 

SW 

4.946 

NW 

4.605 

SW 

4.430 

ESE 

4.529 

SSW 

4.598 

WSW 

4.592 

16-1 

16-2 

16-3 

• 

16-4 

16-5 

(  l) 

SW 

4.4C1 

SSW 

3.878 

SSW 

3.996 

S 

3.793 

SW 

3.982 

SSW 

4.026 

SW 

3.36  8 

SW 

3.728 

SW 

3.376 

SSW 

3.613 

S 

3.  178 

s 

2.98  7 

S 

3.012 

SSW 

2.942 

s 

3.429 

WSW 

3.116 

SSE 

2.597 

WSW 

2.764 

SSE 

2.317 

ESE 

2.200 

18-1 

16-2 

18-3 

18-4 

18-5 

1  1> 

SW 

5.385 

SW 

5.958 

SW 

5.759 

SSW 

5.691 

CLM 

6.375 

WSW 

5.210 

CLM 

5.6  14 

SSW 

5.753 

S 

5.363 

SW 

6.077 

SSW 

5.204 

SSW 

4.936 

WSW 

5.340 

SW 

5.207 

ssw 

5.867 

CLM 

5.089 

W  S  W 

4.888 

CLM 

5.176 

CLM 

4.293 

E 

5.152 

22-1 

22- 2 

22-3 

f  ) 

22-4 

22-5 

WSW 

4.551 

CLM 

5.760' 

WSW 

5.766 

SW 

4.531 

SW 

5.340 

W 

4.504 

WSW 

5.^00 

SW 

4.979 

SSW 

4.234 

CLM 

5.04  1 

SW 

4.255 

SW 

4.755 

ESE 

4.641 

w 

4.225 

WSW 

4.771 

CLM 

4.244 

W 

4.3^8 

W 

4.628 

CLM 

4.098 

w 

4.57  7 

2  6-1 

(  l) 

2  6-2 

PS-"5 

26-4 

26-5 

NNE 

4.309 

NE 

3.505 

N 

3.896 

N 

3.385 

NNE 

4.215 

N 

4.001 

NNE 

3.434 

NNE 

3.735 

NNE 

3.097 

NE 

4.184 

ESE 

2.870 

N 

3.474 

NNW 

2.732 

NNW 

2.8  09 

ENE 

3.624 

NNW 

2.278 

ENE 

2.646 

NE 

2.642 

NW 

2.766 

N 

3.519 

26-1 

28-2 

2  8-3 

28-4 

28-5 

SW 

4.827 

S  W 

4.307 

SSW 

4.554 

SW 

4.6  34 

SW 

4.982 

SSW 

4.194 

SSW 

3. 986 

SW 

4.438 

SSW 

4.039 

SSW 

4.39  3 

WSW 

3.768 

3.422 

WSW 

4.04  7 

s 

3.936 

s 

3.340 

S 

3.053' 

W  r,  a' 

3.354 

S 

3.314 

SSE 

2.519 

SSE 

2  .976 

30-1 

(  1) 

?  0-? 

30-3 

30-4 

30-5 

0  ) 

SW 

2.401 

sw 

1  .951 

SSW 

2.433 

SW 

2.417 

SW 

2.720 

WSW 

2.133 

%  S 1  v 

1.797 

sw 

2.075 

ssw 

1.615 

ssw 

2.287 

SSW 

1.618 

A  9  M 

1  .723 

w  sw 

2 . 4  2  4 

w  s  w 

1.56  3 

WSW 

1  .672 

N 

1.477 

s 

1.3/8 

s 

1.527 

s 

1.422 

NNE 

1  .473 
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TABLE  2  CONTINUED 
A 0 0  TO  449  FEET  MSL  CONTINUED 


34-1 

(1  ) 

34-2 

34-3 

34-4 

34-5  (l  ) 

W 

2.369 

WSW 

2.488 

w  s  w 

2.607 

W 

2.480 

W 

2.°98 

CLM 

2.011 

w 

2.094 

SW 

2.379 

WSW 

2.072 

WSW 

2.377 

WSW 

1.997 

SW 

2.090 

WNW 

2.36  3 

SW 

2.006 

WNW 

2.262 

WNW 

1.895 

WNW 

2.011 

w 

2.34  0 

SSW 

1.988 

SSF 

2.152 

38-1 

(1  ) 

3  8-2 

38-3 

(1  ) 

3  8-4 

38-5 

NME 

5.481 

NE 

5.956 

N 

5.141 

NW 

4.736 

NE 

5.651 

N 

4.103 

N 

4.927 

NNE 

4.22? 

NNE 

5.050 

ENE 

5.391 

CLM 

4.101 

ENE 

4.135 

NNW 

4.101 

N 

4.736 

N 

5.112 

ENE 

3.779 

NNW 

3.914 

CLM 

4.154 

NNW 

4.416 

NNW 

5.047 

40-1 

40-2 

40-3 

40-4 

40-5 

(  1> 

W 

2.650 

NE 

3.713 

W 

3.019 

NNE 

2.732 

NE 

3.454 

NNE 

2.573 

W 

2.851 

NE 

2.881 

WSW 

2.730 

ENE 

3.069 

N 

2.524 

ENE 

2.704 

WSW 

2.727 

SW 

2.559 

W 

2.58b 

ENE 

2.458 

WSW 

2.528 

SW 

2.611 

NE 

2.164 

CLM 

2.388 

4  50- 

499  FEET  MSL 

13-1 

1  3-2 

•  13-3 

13-4 

13-5 

(1) 

ESE 

9.409 

NE 

8.444 

E 

8.319 

ENE 

7.921 

ENE 

10.478 

SW 

8.563 

ENE 

7.891 

SSW 

8.080 

S 

7.371 

NE 

10.270 

NNE 

5.888 

E 

7.892 

ENF 

7.500 

NNE 

7.114 

E 

10.066 

SSW 

7.9C7 

SW 

7.822 

NNE 

7.3  36 

SSW 

6.933 

ESE 

8.684 

25-1 

(1) 

25-2 

25-3 

25-4 

25-5 

S 

4.016 

S 

3.790 

WSW 

3.719 

S 

4,017 

SSE 

4.394 

sow 

3.99^ 

SSW 

3.769 

SSE 

3.584 

SSS 

4.017 

S 

4.102 

CLM 

3.559 

SSE 

3.605 

S 

3.535 

SSW 

3.441 

SW 

3.841 

SW 

3.525 

s  w 

3.51  7 

SW 

3.466 

SW 

3.273 

SSW 

3.034 

50  0-' 

549  FEET  MSL 

9-1 

9-2 

(l) 

9-3 

9-4 

(1) 

9-5 

ESE 

11.251 

SSE 

9.593 

ESE 

10.117 

E 

9.299 

ESE 

12.037 

SE 

9.338 

SE 

8.707 

E 

9.709 

S 

8.790 

E 

10.812 

SSE 

9.264 

E 

8.657 

SSE 

9.529 

SF  ? 

^  •  900 

SW 

10.374 

SW 

9.055 

ENE 

8.411 

WSW 

9.4?o 

ESE 

6.517 

ENE 

9.531 

21-1 

(1) 

2  1-2 

21-3 

21-4 

21-5 

ESE 

6.379 

E 

4.95  9 

E 

5.4]2 

ENE 

5 .198 

E 

6.202 

E 

4.621 

ENE 

4.173 

E:VE 

5.061 

E 

4.356 

NE 

5.774 

NNE 

4.602 

NE 

3.925 

NE 

4.245 

NE 

3.749 

ENE 

5.544 

SSW 

3.637 

ESE 

3.5*5 

N 

3.595 

NNE 

3.360 

NNE 

4.426 

23-1 

23-2 

23-3 

23-4 

23-5 

ESE 

7.052 

E 

7.409 

CNE 

7.841 

ENE 

6.923 

E 

7.331 

E 

6.784 

NE 

5.982 

E 

7.492 

NF 

5.741 

NE 

6.861 

NNE 

6.080 

ENE 

5.392 

NE 

6.337 

E 

5.597 

ENE 

6.340 

N 

5.594 

ESE 

5.256 

NNE 

5.924 

NNE 

4.974 

ESE 

6.157 

39-1 

0) 

39-2 

39-3 

09-4 

39-6 

SW 

5.766 

s  s  w 

5.306 

SSW 

5.161 

S 

4.939 

SW 

5.225 

SSW 

5.294 

SV. 

4.767 

ENE 

4.33  1 

w  s  w 

4.716 

E 

4.937 

CLM 

4.708 

ENE 

4.440 

E 

4.250 

ENE 

3.962 

S 

4.900 

E 

4.628 

5 

4.203 

SW 

4.0  74 

SSW 

3.920 

SSw 

4.766 

ABOVE 

6 CO  FEET -MSL 

• 

29-1 

2  9-2 

29-3 

(1  ) 

29-4 

29-5 

CLM 

7.364 

SE 

5.917 

SE 

6  .  /  o  3 

F  S  F 

7.351 

CLM 

7.666 

SE 

7.228 

SSE 

5.010 

SSf 

5.63  4 

SE 

6.640 

SE 

6.109 

SSE 

5.950 

S 

5.502 

S 

6.155 

SSE 

5.469 

SSE 

5.8  50 

S 

5.832 

CLM 

4.833 

NE 

5.04  6 

CLM 

5.023 

S 

5.164 
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for  each  sulfur  dioxide  site. 
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concentration  direction*  of  other  station*  for  a  partic¬ 
ular  site,  fee  see  in  Table  2,  alt*  22,  and  wind  station 
3,  (22-3)  that  one  of  the  four  highest  maxlmums  oocurred; 
4.641  micrograms  per  cubic  meter,  when  the  wind  was 
blowing  from  the  ESE.  Looking  at  the  data  from  the  four 
other  wind  stations  and  site  22' s  concentrations,  no  two 
other  maxlmums  were  reported  in  the  Intervals  E,  ESE, 
or  S~.  V»e  then  consider  22-3  a  deviation.  Deviations 
are  listed  in  parenthesis  to  the  right  of  site-station 
designator. 

Sulfur  dioxide  Site  4  shows  the  best  agreement 
between  the  five  wind  stations.  Sites  38  and  34  have 
the  greatest  spread,  doth  of  these  latter  sites  are 
looated  near  to  the  bluff  which  borders  the  Mississippi 
River  flood  plain  on  the  east  indicating  a  possible 
topographical  effeot. 

Wind  station  4  shows  the  least  number  of  devia¬ 
tions,  of  the  five  wind  stations  for  all  sites. 

The  four  highest  concentration-direction  veotors 
of  wind  station  4  were  plotted  on  sn  area  map  (figure  16). 
The  vectors  extend  in  the  direction  from  which  the  wind 
Is  blowing.  The  vector  length  is  proportional  to  t.ie 
sulfur  dioxide  concentration  (micrograms  per  cubic  meter). 

The  majority  of  the  site  vectors  point  In  toward 
the  general  sector  center  of  the  metropolitan  St.  Louis 
business  and  industrial  complex.  This  is  a  typical  pat¬ 
tern  for  a  metropolitan  area  (37).  Sites  23,  3?*  and  40 
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indioat#  sulfur  dioxide  aouro#  to  th#  south  and  west  of 
thsir  looation.  Th#  pollution  ros#  for  Sit#  9  indioat# 
relatively  high  oono#ntrationa  fro*  th#  northeast,  going 
clockwise,  through  th#  vest-southwest •  This  sit#  is 
located  in  a  r#sid#ntial  area  wher#  eoal  is  us#d  as  a 
doaestlo  heating  fu#l.  Th#r#  is  also  son#  h#a vy  in¬ 
dustry  nearby.  s#«  Appendix  A  for  sit#  classifications. 

(ID. 


VERTICAL  TEMPERA  TURK  DIFFERENCES 

Th#  temperature  laps#  rates  r#eord#d  on  th# 
iGMQX  TV  lower  diff#r  appreciably  from  th#  noraal  op#n 
country  vertical  theraal  structure.  Th#  data  show  a 
gr#at#r  frequency  of  unatabl#  conditions.  The  TLL* 
appears  to  b#  most  stable,  with  1 UL  showing  Increased  in¬ 
stability.  Appendix  D  shows  th#  hourly  fr#qu#noi#a  and 
p#rc#ntag#s  for  #ach  of  five  stability  categories. 

The  t#ap#ratur#-diffor#no#s  w#r#  divided  into 
five  categories*  sup#radlabatlc,  dry-adlabatio,  laps#, 
iaothernal  and  inversion.  Th#  dry-adiabatic  laps#  rat# 
in  th#  lower  boundary  of  th#  atmosphere  approximate# 

5*4  F  per  1000  feet.  Therefore* 

ILL.  HI  -  122  feet.  Lry-edlabatio  Japs# 

Rate  -  -0.0588  -0*  ZAL  HT-325  f##t.  L>ry-adiab*tic 
Lapse  Rate-  -1.755  -1.8F  THL  HT-203  feet.  Dry-adlabatio 

•  Defined  in  Convention  and  Symbols  pp  lx. 
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Lapse  Rat*  ■  -1.096  -  1.1?.  .he  euperadiebatio  laps*  rata 
la  la  as  than  dry-adlabatlo  lapaa  rate.  The  lapaa  condi¬ 
tion  la  greater  than  -0.7 F  and  li  aa  than  0.0F.  The 
isothermal  lapaa  rate  la  aqual  to  0.0?  and  the  Inversion 
la  greater  than  0.0F. 

Figure  17  afcowe  the  hourly  frequencies  for  the 
stability  categories.  The  requirement  for  a  specific 
temperature  difference  for  the  dry-adiabatlo  and  isotherm  1 
categories  result  in  a  lower  frequency  of  ooourrence. 

There  is  in  the  ‘ILL  data  an  apparent  six  hourly 
cycle  of  frequencies  In  the  auperadlabatlo  and  inversion 
categories.  The  auporadlabatio  builds  up  to  peaks  at 
0600,  1200.  1700-lflOO,  and  21*00  local  time  then  falls 
The  fluctuations  in  the  inversion  condi tiona 
have  peaks  occurring  one  hour  later  and  deereaae  gra¬ 
dually.  The  major  maxima  of  frequency  of  occurrences  in 
these  peaks  occur  when  one  would  expect  them}  1200  for 
the  superadlabatlc  conditions  and  0700  for  the  Inversion 
conditions.  This  feature  needs  additional  investigation. 

The  lapse  conditions  ahow  an  0700  and  11+00  trough, 
otherwise  they  are  spread  throughout  the  day  with  the 
maximum  occurring  during  daylight  hours. 

1HL  instability  la  largely  attributable  to  the 
presence  of  s uperadiaba tie  conditions,  4°*9  percent  of 
the  time  during  daylight  hours  and  the  maximum  of  66 
occurrences  at  1300.  The  superadlabatlc  conditions  drop 
•Xf  sharply  at  1600  and  continue  through  the  night 
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averaging  22  occurrences  for  each  night  hour. 

The  THL  dry-adiabatic  conditions  were  diaperaed 

orer  the  twenty-four  hour  period  with  a  maximum  occur¬ 
ring  late  afternoon-early  evening. 

The  THL  lapse  eondition  shows  a  maximum  during 

the  nocturnal  period  with  an  approximate  average  of 
thirty  occurrences  for  each  hour.  Noticeable  is  a 
minimum  number  of  occurrences  during  the  superadiabatio 
maximum. 

During  night  time  an  average  of  t\o  hourly  THL 
isothermal  conditions  occur  over  the  sampling  period 
with  none  during  daylight  hours.  There  also  was  am. 
absence  of  inversions  during  daylight  hours  with  a  maxi¬ 
mum  frequency  of  twenty-six  hours  at  0400  and  twenty-five 
times  at  0700.  The  occurrences  fall  off  sharply  from 
0800  to  none  at  1300. 

The  temperature  differences  over  the  iAL  interval 
show  the  lapse  to  be  the  predominant  condition.  A  slight 
maximum  occurrence  during  the  evening  hours  and  a  mini¬ 
mum  during  the  period  0400  to  0900. 

The  TAL  inversion  category  shows  no  occurrences 

from  1400  through  1800  with  maximum  occurrences  at  0700. 

The  frequency  of  occurrences  drop  off  rapidly  after  0900. 
Dry-&dlabatic  conditions  have  the  same  configuration  with 

maximum  frequencies  during  daylight  hours. 

Table  3  giving  the  durations  of  superadiabatio 

and  inversion  conditions  also  shews  THL  to  be  most  unstable. 
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AViiRAJc  HOURLlf  TkHiLRAlUR^  EiFFcJUtRCnS 

The  average  hourly  temperature  difference  curves 
for  the  HMOX  TV  Tower  date  are  shown  in  figure  16 • 

Four  hourly  observations  were  diaoarccd  as  being  In 

error  because  of  extremely  high  values: 

Station  Station 

4  „  5 

11  Ceoeiaoer  01+00  THL  19.4  F  059/10  064/15 

28  Deceuber  1300  TLL  19.9  F  044/Ok  I46/O6 

2  February  0600  TLL  19.4  F  096/06  MSG 

I  13  February  1100  TLL  19.4  F  312/15  277/13 

Possibly  these  were  due  to  a  smoke  plume  engulfing  the 

thermohm  unit.  The  wind  direction  was  not  the  same 

in  all  oases*  ruling  out  the  smoke  coming  from  one 

source* 

?h«  TLL  curve  and  its  reflection  of  the  1AL 
curve  does  not  portray  a  systematic  progression  of 
teaperature-dif ferenoes  tnrough  the  day.  The  maximum 
poaltiva  difference  occurred  at  2000  rather  than  at 
auntlse  as  one  would  expect. 

The  THL  ourve  shows  a  normal  hourly  progression. 
From  0000  to  0700  increasing  stability  after  sunrise 
Increasing  instability  to  a  maximum  at  1300  and  gradual 
increase  in  stability  thereafter. 

The  only  conclusions  one  can  draw  from  tula  are 
that  tuere  is  increased  insiaoility  in  the  THL  com¬ 
pared  to  the  TLL.  Since  1AL  is  an  addition  of  TLL  and 
THL*  it  represents  a  smoothing  of  the  TLL  ourve  by  the 
THL.  Ho  specific  relationship  oan  be  determined. 
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Figure  19.  Sites  conforming  to  ’’Classical  Theory" 

TLL. 


Concentration-Lapse  Rate  (Maximum) 
Concentration- Lapse  Rate  (Secondary  Maximum ) 


THL. 

Concentration- Lapse 
Concentration-Lapse 
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te  (Maximum) 
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Figure  21.  sites  conforming  to  "Classical  Theory 

Concentration-  Lapse  Rate  (Maximum) 
Concentration-  Lapse  Rate  (Secondary  Maximum) 
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Figure  24.  Sites  not  conforming  to  Classical 
Theory"  TAL. 

Concentration-Lapse  Rate 
Concentrati on--Lapse  Rate' 


[Maximum ) _ 

(Secondary  Ma x 1 mum 
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XOrf^R  LAPSL  Ft  A Tx. -C 0 HCE NTRa HO Nb 

The  sulfur  dioxide  concentrations  at  various 
altss  were  examined  to  determine  their  relationship 
to  th«  tower  temperature-difference  according  to  the 
five  lapse  rate  categories  descrioed  above  in  the 
vertical  temperature  differences  section*  The  per¬ 
centage  frequencies  were  determined  for  concentj a tiona 
categories  equal  to  or  greater  than  *00  less  than  *01  PPM, 
equal  to  or  grsutar  than  *01  less  tnan  *03  P?W»  equal 
to  or  greater  than  *j3  and  less  tnan  *05  rPK#  and  greater 
than  *05  PP iti  and  tne  average  concentration  (mlcrogram 
per  cuoic  meter)  for  tne  duration  of  eaou  lapse  rate 
condition* 

As  a  first  approacn,  one  would  expect  maximum 
concentrations  to  ocour  with  a  stable  lapse  rate;  pri¬ 
marily  with  an  inversion,  secondarily  with  an  Isothermal 
condition*  The  lapse  rate  condition  versus  sulfur 
dioxide  concentrations  were  comput'd  for  each  aite  using 
the  three  temps rature-d if ferencei  measured  on  tne  tower* 

Ine  average  site  concentrations  for  eaeh  h  yer 
lapse  rate  were  then  examined  for  conformity  to  the 
"Classical  Theory",  ine  deviating  end  conforming 
sites  were  plotted  on  charts  j  see  if  tnere  was  an 
areal  distribution  of  the  aonormalitles  (figures  IV, 

20,  21,  c2,  £3*  £4)  •  Only  sites  13  ana  22  conformed  in 
ell  oases*  bite  22  is  located  in  the  flooa  plain  and 
alts  13  le  looated  on  high  ground* 


On  examining  the  anomaly  charts,  we  find  the 
TLL  Chart  (figure  22)  shows  the  greatest  number  of 
deviations.  The  deviations  are  dispersed  throughout 
the  sampling  area.  Thus,  there  Is  not  an  apparent 
topographical  reason  for  the  deviations  from  the 
*  Classical  Theory1*. 

The  TriL  and  TaL  anomaly  charts  (22)  (23)  show 
a  relationship  with  the  topography.  None  of  the  hl^h 
ground  stations  ere  displayed  on  these  oharte.  The 
ohart  shows  the  THL  anomalies  occurring  mostly  In  the 
northern  flood  plsln  sites  and  TAL  anomalies  st  the 
southern  flood  plain  sites. 

The  maximum  concentrations  occurring  during 
other  than  stable  ataos;  herl  c  conditions  would  indicate 
that  the  "fumigation"  process  la  of  considerable 
Importance  at  these  sites.  This  is  fur.-er  sup.orted 
by  the  greater  number  of  deviations  with  TLL.  Thus,,  we 
would  oonclude  at  seleoted  sites,  more  sulfur  dioxide 
Is  collected  during  unstable  conditions.  The  „HL  and 
TAL  are  equally  representative  of  "Classical  Theory". 

Examining  extended  lapse  rate  conditions,  Tabl 
3  shows  superadiabstl c  and  Inversion  conditions  lasting 
ten  hours  or  more. 
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TEMPERATURE  Di  Fr'&REKCES  AMuX  TV  lOtfER 
VS.  rlLSiXSJlPPI  RIYrJl  BOTTuKS 


Arnold  (1)  mentions  the  difference  Detween  tem¬ 
perature  soundings#  made  with  a  Wlresonde  Set  AN/UM^-4, 
at  the  tf&W  lower  in  the  Mississippi  River  bottoms  and 
at  the  KMQX  TV  lower.  The  itfhrf  Tower  is  six  and  one-half 
miles  slightly  south  of  due  east  from  the  KMGX  IV  lower, 
it  is  located  at  the  intersection  of  Bun*um  Road  and  the 
Harding  ditch.  The  ground  elevation  at  waW  is  4^5  feet 
HSL.  An  analyela  of  Arnold's  data  covering  the  period 
September  6  to  November  33  i»  anown  on  Table  4. 


Table  4*  Comparison:  jIKQX  TV  lower  exoeeda 
WEW  wiresonde  Temperature 

September  6,  1963  to  November  33,  1963 


Level 

Feet  sunrise 

Sunset 

455 

4«%  - 

56% 

125 

<35* 

69% 

GND 

43% 

44% 

October,  1963 

455 

73% 

54% 

125 

92% 

67% 

GND 

62% 

71% 

November,  1963 

455 

79% 

66% 

125 

97% 

66% 

GND 

32% 

36% 

Total  Observation  Period 

455 

69% 

59% 

125 

96% 

66% 

GND 

46% 

50% 
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Arnold  determined  the  height  of  the  kytoon  by 
•ighting  it  through  u  clinometer  and  then  reading  the 
height  from  a  table  eupplied  with  tne  wireeonde  and 
adjusted  for  fire  percent  altitude  loss  due  to  noorlng 
oaole  sag*  His  lowest  ascent  was  QUO  feet*  This  ex¬ 
perience  of  the  author  of  this  thesis  indicates  a  one 
degree  error  with  a  clinometer  sighting  is  quite  feasible* 
Inerefore,  at  8QO  feet  end  with  a  2,200  feet  mooring 
oaole,  the  sighting  error  would  result  in  approximately 
36  feet  altitude  error  or  a  >0. 11|.  F •  This  is  only 
•lightly  higher  than  the  AMOX  TV  Tower  temperature 
error,  and  well  within  Arnold's  calibration  check,  a 
deviation  of  plus  0*4  P  with  a  thermograph  one-half 
mile  away. 

This  indicates  that  tnere  is,  as  one  would  ex¬ 
pect,  a  different  vertical  thermal  structure  between 
the  central  city  versus  the  flood  plain  lnterurban  area, 
because  of  a  possible  mean  error  of  plus  ,04  P  we  can 
only  consider  this  as  an  indicator  and  attempt  to  draw 
some  inferences  from  it. 

In  the  winter  with  tne  wind  blowing  heated  air 
from  the  oentral  city,  one  would  expect  stablizatlon 
of  the  boundary  layer  of  the  atmosphere,  resulting  in 
more  stable  conditions  in  the  suburban  areas*  - 

Also  analysis  reveals  on  only  four  occasions  did 
an  isothermal  or  Inversion  condition  not  exist  at  sunrise 
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.„<■  .un..t  .t  the  «80X  Tow.r.  Two  tl«.  during  tb. 
p.rlod  th.r.  mi  not  an  lnt.r.lon  In  tb.  KWW  Towor. 
whilo  on.  .tl.t.d  .t  .W,  »nd  on  on.  oooa.lon  »n 

invar. ion  wt.t.d  .t  *WX  »nd  non.  at  MW.  **»  ln" 
.ar.lon.  at  wtw  w.r.  g.n.rallj  .trong.r  than  at  KMOX 


WIND  DlR&C'iXON  AUL 


Ths  complexity  of  the  air  pollution  problem  be- 
ooms  nor*  evident  upon  examining  figure  25 •  entered  on 
tha  chart  is  thaj  wind  direction*  lapaa  rata  conditions 
for  tha  THL  and  ILL,  and  strength  of  tha  inversions* 
site  ©oneentration*  per  concentration- Jay*  scan  and 
asdian  concentration  for  the  sampling  period*  and 
directions  from  which  maximum  concentrations  occur* 

Tha  day  of  tha  weak  is  entered  sinoa  a  possible  deoreaee 
in  Industrial  activity  over  the  week  end  would  causa  a 
decrease  in  concentration  The  stability  category  hour 
ctions  were  divided  into  TEL  on  the  top  half  and  ILL  on 
the  bottom  half.  The  inversion  category  was  further 
classified  according  to  intensity.  A  bar  covering  only 
the  lower  one  half  of  the  layer’s  portion  signifies  a 
weak  inversion*  i.e.  less  than  plus  1.0  P.  A  bar 
covering  the  entire  layer’s  hour  portion  was  ussd  to 
indioats  a  strong  inversion  of  plus  1.0  P  or  greater* 

The  concentrations  have  units  of  PPEK  to  the  nearest 
tenth  of  a  PPHF. 

An  Inversion  of  ten  hours  or  mors  was  the  eri- 
teria  for  the  listed  days  with  the  exoeptlon  of 
January  16-17  sod  February  2-3.  Site  25  experienced 
the  maximum  concentration  collected  during  the  sampling 
period  on  January  16-17*  February  2-3  was  arbitrarily 

selected  a«  a  week  end  day  with  a  minimum  of  Inversion 

* 
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occurrences*  Note  also  at  the  extreme  right  of  the 
ohart,  tha  concentration  day*  Deeember  31“January  1* 
ia  out  of  calendar  sequence* 

In  the  following  discission  ideal  conditions 
will  mean  a  stable  lapse  rate  and  wind  blowing  from 
the  directions  listed  in  ‘l'aole  2*  station  4  (the  winds 
recorded  at  the  127  foot  level  at  the  TV  Tower)* 

* •Proper"  will  refer  to  winds  blowing  from  pollution 

source  regions,  and  "poor"  or  "wrong"  refer  to  winds 

¥ 

not  blowing  from  pollution  source  regions  as  analysed 
before* 

Considering  Site  39*  we  find  ideal  stability 
and  wind  direction  during  the  sampling  period  on  De¬ 
cember  25 -26,  yet  we  note  the  concentration  is 
exceptionally  low  for  the  site*  On  January  4-5  with 
virtually  the  same  conditions  as  above*  we  note  the 

maximum  concentration  of  the  sampling  period  ooourred* 

i 

Henoe  we  must  know  what  is  ooourrlng  at  the  potential 
aourcea.  Possibly  the  prime  source,  for  sulfur  dioxide 
at  bit#  39*  was  shut  down  for  tha  Christmas  holiday* 

With  Site  39  under  a  strong  invsraicn  and  proper 
wind  direction,  we  note  the  occurrenee  of  the  period  of 
maxi  sum  oonoantration  on  January  7*  On  Jtn  uary  5  * 

ILL  weak  inveraion  end  poor  wind  direction  produced  a 
concentration  lower  than  the  mean*  January  17  with 
the  wind  blowing  from  the  souroe  region  and  under  pre¬ 
dominantly  lapse  conditions,  we  a&aih  realise  a 
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concentration  above  the  mean*  On  December  6  another 
variable  is  injected;  stable  TLL  and  unstable  THL 
occurred  with  a  concentration  of  0, 3  PFHM*  .A  concen¬ 
tration  of  0,3  FPHW  ia  measured  on  January  4  and  16* 
Here  the  winds  are  still  from  the  wrong  direction,  but 
more  stable  conditions  prevail*  Under  these  varying 
conditions,  equal  concentrations  occur*  These  were 
not  ideal  conditions  as  on  January  7,  and  as  a  conse¬ 
quence,  not  as  high  concentrations* 

Tne  maximum  concentration  of  9*2:  PFhii  at  site 
4O  occurred  in  a  sample  collected  December  PI4  and  2 5, 
not  shown  on  the  chart*  The  wind  direction  during  the 
twenty-four  hour  period  was  favorable  and  there  was  a 
strong  THL  and  TLL  lnversi  on  for  five  hours.  It  is 
possible  that  the  bulk  of  the  sample  was  collected 
during  this  short  stable  period*  The  seoond  highest 
eonoentratlon  occurred  Deoemoer  31-January  1*1  here 
THL  indicated  a  variable  weak  to  a  strong  inversion* 

The  wind  direction  was  favorablt,  coming  first  *ro m 
the  northeast  quadrant  and  later  swinging  to  the 
southwest  quadrant*  Both  wers  shown  previously  to  be 
conduoive  to  high  concentrations  (figure  16) •  February 
10  the  winds  held  predominantly  from  the  northeast 
quadrant  with  a  weak  inversion  noted  in  TLL  and  THL 
wuich  was  mostly  unstable*  The  resulting  concentration 
was  higher  than  the  mean  of  1*7  FPiiri*  January  4*5 
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shows  a  strong  inversion  lasting  for  fourteen  hours 
and  a  ILL  inversion  for  twenty-three  hours#  of  which 
tsn  hours  were  strong  inversions#  A  maxiaura  of  plus 
5*9  F  was  reoorded  for  1AL  at  0800  on  ths  5th  with 
THL  maxi  mum  of  plus  4*3  F.  I  ha  winds  wars  generally 
proper  with  a  concentration  wall  above  the  median  and 
mean  concentration#  it  appears  that  conditions  in 
general  were  "“'**•  Ideal  than  on  December  24-25* 

Investigating  the  twenty-four  hour  sulfur 
dioxide  concentrations  at  site  25  we  find  a  paradox#  The 
mexifqpn  eonoentration  occurred  on  January  17  under  pre¬ 
dominantly  lapse  conditions#  with  the  wind  direction 
cooing  from  the  area  of  maximum  pollution  as  determined 
by  the  pollution  rose.  Concentrations  collected  on 
January  id  under  ideal  conditions  for  site  25  yielded 
twenty-four  hour  concentration  of  7*6  ffhhi  this  was 
lesa  than  the  maximum  eonoentration  for  the  sampling 
period  under  lesa  than  ideal  conditions.  January  19 
and  January  20#  aits  25  concentrations  were  5*3  and 
1#1  PFxill  respectively#  not  shown  on  the  chart#  For 
the  January  19  sample  THL  reoorded  seventeen  hours  of 
lapse#  one  hour  superadiabatio  and  six  hours  of  weak 
inversion#  THL  at  ths  same  time  reported  four  hours 
dry-adiabatic#  three  hours  euperadiabatic,  seven  hours 
lapse#  and  seven  hours  of  eontlnous  inversion  In 
wnioh  three  hours  wsre  strong  invsrsion#  Winds  were 
generally  proper  holding  from  the  south# 
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The  January  20  concentration  day  shows  ILL 
condition#  to  be;  one  hour  weak  inversion,  one  hour 
isothermal,  sixteen  hours  lapse  and  six  hours  super- 
adiabatio.  TEL  conditions  were;  ten  hours  lapse  and 
fourteen  hours  superadiabatic •  Wind  conditions  were 
proper  for  only  twelve  hours* 

Deoemoer  5~&  shows  ideal  condition^  and  we  find 
a  negligible  concentration.  Thus,  there  is  again  an¬ 
other  factor— most  likely  tue  pollutant  suuroe.  This 
dramatically  points  out  the  necessity  of  carefully 
examining  all  factors  involved  the  amount  of  emission, 
transport  of  pollutant,  atmospherlo  stability,  and  the 
chanoe  of  possible  error  in  sample  analysis. 
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CONCLUSIONS 


1*  A  comprehensive  investigation  of  air  pol¬ 
lution  problem  requires j  an  intimata  knowledge  of  tha 
amiaalon  louroai,  tha  pollutant  samples  of  a  shorter, 
time  duration  than  tha  twenty-four  hour  aulfur  dioxida. 
sample  uaad  in  tnia  theeia,  and  knowledga  of  what  ia 
ooourrlng  in  and  above  tha  first  five  hundred  feat 
above  tha  aurfaoe* 

2.  Tha  data  on  lapse  rates  and  concentrations 
indicate  stronger  average  oonoantrationa  occurring,  in 
many  oases  in  other  than  stable  conditions.  1  hose  re¬ 
sults  are  oertainly  subject  to  question.  The  assumption 
that  the  pollution  was  uniform  throughout  the  twenty- 
four  hours  is  questionable  slnee  a  diurnal  variation  in 
the  sulfur  dioxide  concentration  has  been  shown  in  tne 
studies  by  Schuememan  (27) »  Mur i no  (2k)  in  the  St.  Louis 
area,  also  at  Nashville  (37)  sod  Birmingham  (Id).  In 
the  St.  Louis  area  the  samples  used  by  Murlno  and 
Schuememan  were  taken  in  the  source  regions,  thus  sosw 
other  diurnal  variation  may  ooour  in  remote  sites. 
Regardless  of  the  errors  that  may  oe  introduced  by  the 
assumption,  it  would  seem  that  the  large  number  of 
oases  showing  maximum  concentrations  occurring  during  un¬ 
stable  conditions  show  that  "fumigation"  is  an  l%>ortant 
process  in  the  St.  Louis  metropolitan  area.  The  maximum 
average  concentrations  were  indicated  for  all  sulfur 
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dioxide  sites*  above  500  feet  M3L,  daring  stable  con¬ 
ditions  at  the  lilL  (figure  20).  The  TRL  appears  to 
fulfill  the  ttClassical  Theory"  for  sites  above  500 
feet  K3L. 

3*  The  pollution  roses  baaed  on  wind  data  at 
station  4  (Table  2)  indieate  directions  from  thleh 
maximum  concentrations  originate*  The  directions  in¬ 
dicated  for  the  twenty  sites  in  this  study  (figure  16) 
appear  to  be  reallstio*  fcitn  samples  of  shorter  dura¬ 
tion*  these  will  be  further  refined*  Station  4*  the 
tower's  lower  anemometer*  seemed  to  ue  most  representa¬ 
tive  when  compared  with  the  other  four  wind  stations* 

4*  KKjX  IV  lower  temperature  differences ’show 
possible  man-made  six  hour  periodie  influences  on  the 
ILL*  The  TEL  was  shown  to  be  more  unstable  than  ILL* 

5«  Analysis  of  Arnold's  (1)  data  shows  a  dif¬ 
ference  in  the  vertical  thermal  structure  between  the 
Knox  TV  Tower  and  the  Mississippi  River  flood  plain 
during  the  fail  season*  and  this  author  feels  this 
would  be  accentuated  in  winter  time* 

6*  There  was  no  build-up  in  the  pollution 
level  indicated  during  the  longer  stable  periods*  Such 
build  ups  would  be  more  typical  of  fall  when  there  are 
atagnation  perloas  lasting  for  as  long  as  five  days* 

7*  The  single  twenty-four  hour  sample  of  the 
aulfur  dioxide  conoantrat ions  is  more  appropriate  for 
an  air  quality  study  than  lor  a  meteorological  investi¬ 
gation* 


SUiMiASl'&D  FUR1HLR  RtSJfiARCH 


1*  V try  little  data  have  baan  published  re¬ 
garding  the  vartioal  thermal  atruotura  over  urban  area a. 
The  abort  three-month  period  suggested  a  periodic 
oharaeter  in  the  TLL*  31noe  it  was  held  to  0600,  1200, 
1800,  and  2k00,  this  may  be  a  man-made  influence*  The 
reason  for  this  phenomenon  should  be  determined* 

2*  flytoon  or  similar  temperature  measuring 
techniques  should  be  used  in  different  locations  in 
the  urban  area*  This  would  allow  determination  of  the 
atmospheric  stability  above  the  tower  and  help  to  in¬ 
terpret  fumigation  situations. 

3*  Therms  1  mapping  of  tna  atmospnere  and 
ground  cuffaoe  in  metropolitan  St*  Louis  would  determine 
tne  center  of  tne  heat  island  and  thermal  variations 
aoroea  the  metropolitan  area*  These  variations  may  be 
related  to  pollutant  concentrations* 

4*  Sulfur  dioxide  should  be  sampled  in  tne 
fall  so  as  to  include  e  prolonged  period  of  stagnation. 

4 

Particular  attention  should  oe  given  to  examining  pol¬ 
lutant  build  up  over  the  ategnetlon  period* 

5*  The  inter-reletionehips  between  broad  scale 
•ynoptlc  patterns  and  metropolitan  vertical  temperature 
structure  should  be  investigated* 

6*  Tower  wind  gustineea  and  pollutant  concen¬ 
trations,  wind  direction  fluouationa  and  their  effect 
on  sulfur  dioxide  concentrations  should  be  examined* 


66 


67 


7*  In  the  St.  Louie-East  St.  Louis  area 
wind  observations  in  the  Mississippi  River  flood 
plain  should  be  made.  Under  stable  conditions* 
there  oould  be  significant  differences. 
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PENDIX  A.  SULFUR  DIOXIDE  NETWORK 


APCA  RECOMMENDED  STANDARD  METHODS  OF 
CLASSIFICATION 


NA 


be  Zone  Sources 


L  FF  2  steam  generating  power  plants 
1  chemical  plant 

Several  Industrial  and  commercial  power  plants 


Direction  A" 


N  Ir 

E  Ir 

S  S* 

w  c 


}  BD  Low  Income  residential  area 

Considerable  space  heating  accomplished  with 
hand  fired  units 

Small  heavy  Industrial  area  approximately 
1/2  mile  away 


N  He 

E  Rf 

S  Re 

W  Rf 


3  BF  Industrial  power  plants  approximately  1/3  mile 
away  in  east  to  south  quadrant 


N  Sr 

E  Re 

S  Rf 

W  Rf 


1  AE  Commercial  and  Industrial  activity  1/3  mile  In  N  R1 

E  Rf 

i  S  Rf 

W  Rf 


3  CE  Commercial  activity  to  north  and  east  N  Cc 

Residential  to  Bouth  and  west  E  C 

S  R* 

W  Rf 


R* 

R< 

Rf 

R* 


9  AA  Shopping  center  1/2  mile  south  N  ft. 

E  R‘ 
S  R‘ 
W  R' 


9  AA  Chemical  plant  1/2  mile  west  jj  p. 

Cement  plant  1/2  mile  south  g  g 

S\  R- 

W  R- 


5  AA  N 

E 

S 

w 


2  FF 


4  AB  Power  plant  1/3  mile  southwest 
Mixed  industrial  1/3  mile  east 


N 

E 

S 

W 


I: 

Ii 

I 

1 


N  R' 

E  R- 

S  Rf 

W  Rf 
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NARRATIVE  CLASSIFICATION  BY  DIRECTION  FROM  SAMPLING  STATION 


ion  Activity 


Industrial 

Industrial,  commercial  and  storehouses,  Mississippi  River  1/3  mile 
Storehouses  and  industrial 
Commercial  and  industrial 


Residential 

Residential  and  commercial,  with  industrial  area  aporoxlmately 
1/2  mile 

Residential  and  commercial 
Residential 


School  and  residential 

Residential,  with  industrial  1/3  mile  away 
Residential,  with  industrial  1/3  mile  away 
Residential  and  commercial 


Residential  with  commercial  and  industrial  activity  1/3  mile  away 

Residential 

Residential 

Residential  with  commercial  and  industrial  activity  1/4  mile  away 


Commercial 

Commercial 

Residential 

Residential 


Residential 

Residential 

Residential 

Residential 


Residential  , 

Residential 

Residential  with  commercial  1/2  mile 
Residential 


Re8ldentla 1 
Residential 

Residential  with  cement  plant  1/2  mile  south 
Residential  with  chemical  plant  1/2  mile  west 


Industrial 
Industrie  1 
Industrial 
Industri ml 


Residential  with  coromercirl  1/3  mile 
Residential  with  Industry  1/3  mile 
Residential  with  power  plant  1/3  mile 
Rcsldentls 1 _ 


TX 


>pendix  A  continued 


APCA  RECOMMENDED  STANDARD  METHODS  OF 
CLASSIFICATION 


.te 

Zone 

Sources 

i  . .  . 

Di rectlon 

6 

FF 

Large  Industry  but  not  heavily  developed 

N 

E 

3 

W 

.6 

AA 

Heavy  Industrial  1/3  mile  southeast 

N 

E 

3 

W 

.8 

FB 

Industrial  west,  residential  and  commercial 

N 

E 

east 

S 

W 

22 

AA 

Chemical  plant  1  mile  north 

N  I 

i 

E  ! 

3 

W 

E 

3 

W 


N 

E 

3 

W 


N 

E 

3 

W 


E 

3 

W 


N 

E 

3 

W 


N 

E  1 

3  I 

W  F 


A 


*8  GG 


>0  AB  Heavy  Industrial  1  mile  south 


>4  AG 


>8  AA 


'0  AA 
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NARRATIVE  CLASSIFICATION  BY  DIRECTION  FROM  SAILING  STATION 


Direction 

Activity 

N 

Industrial 

1 

E 

Industrial 

large  Industry,  not  heavily  developed 

S 

Industrial 

W 

Industrial  > 

1 

N 

Residential 

E 

Residential 

with  some  heavy  industry  1/3  mile 

S 

Residential 

W 

Vacant  land 

' 

N 

Indus trial- residential 

E 

Residential- 

commercial 

S 

Industrial- residential 

W 

Residential- 

commercial 

N 

Residential  with  commercial  activity  1/4  mile  -  chemical 

plant  1  mile 

E 

Residential 

S 

Residential 

W 

Residential 

N 

Residential 

E 

Residential 

S 

Residential 

W 

Residential 

N 

Rural 

E 

Rural-residential  1/2  mile 

S 

Semi-rural 

W 

Rural 

N 

Residential 

E 

Residential 

S 

Residential-heavy  industrial  1  mile 

W 

Residential  -  apartments 

N 

Rural 

E 

Rural 

S 

Residential-  rural 

W 

Rural 

N 

Residential 

E 

Residential 

S 

Residential 

W 

Residential 

N 

Residential 

E 

Residential 

S 

Residential 

W 

Residential 

1<0 


Appendix  A  (continued) 

Sulfur  Dioxide  Network 
Classifi cation  of  the  Area 

The  area  served  by  each  Jar  will  be  classified 
according  to  the  character  of ‘urban  activity  In 
the  vicinity  of  th°  station.  The  type  of  activity 
within  one  quarter  mile  of  the  station  will  determine 
the  primary  classification.  A  secondary  classifica¬ 
tion  will  be  determined  by  the  type  of  activity 
w! thing  one-half  mile  from  secondary  classification, 
Buch  as  Zone  AA  or  AT  etc. 


Note  should  be  made  of  any  major  source  or 
sources  of  sulfur  dioxide  discharged  within  one  mile 
of  the  station. 


The  areas  will  be  classified  as  follows: 


Zone  A  Residential,  low  density  (less  than 
ten  units/acre  and  non  rural). 

A  dwellin  unit=  one  family  occupancy 

Zone  B  Residential  high  density  seven  to  ten 
units/acre 

Zone  C  Commercial  neighborhood 
Shopping  district 

Zone  D  Commercial  central  district 


Zone  E  Industrial  low  air  pollution  potential 

Zone  F  Industrial  with  air  pollution  potential 

Zone  G  Rural  one  dwelllng/f 1 ve  acres  or  larger 
area 
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APPENDIX  8 

S02  POLLUTION  ROSES  4  1 


CONCENTRATION 

FREQUENCY 

-PERCENT 

TOTAL  HR 

f- 

WND 

PPM 

PPM 

PPM 

greater 

TOTAL 

DIR 

•00-. 01 

.01— .03 

.03-. 05 

THAN  .0,5 

PERCENT 

N 

•  305 

1.711 

2.689 

1  .466 

6.173 

NNE 

.244 

.366  . 

.733 

.48° 

1.833 

NE 

.244 

.427 

.122 

'  .18  3 

.977 

ENE 

.488 

.244 

9.000 

.18  3 

.916 

E 

1.344 

1  .405 

.305 

1.161 

4.217 

ESE 

.183 

.488 

.061 

.977 

1.711 

SE 

0.000 

2.750 

.122 

1.161 

4.034 

SSE 

.305 

1.589 

.366 

1.222 

3.484 

S 

.672 

3.056 

2.567 

4.5  23 

10.819 

SSW 

.427 

.916 

.244 

5.012 

6.601 

SW; 

.122 

.733 

.122 

2.261 

3.2  39 

wsw 

.42  7 

.855 

.122 

1.955 

3.361 

w 

3.300 

4.951 

.427 

4.584 

13.264 

WNW 

3.056 

3.422 

.366 

2.261 

9.107 

NW 

1.650 

4.645 

.550 

.977 

7.323 

NNW 

.427 

2.995 

1.283 

.611 

5.317 

CALM 

•  0.000 

.244 

.18  3 

.061 

.483 

TOTAL  NO.  VALID  HOURS  IN  TINE  PERIOD  1636 


SO 2  POLLUTION  ROSES  42 
CONCENTRATION  FREQUENCY-PERCENT  TOTAL  HRS 


WND 

PPM 

PPM 

PPM- 

greater 

TOTAL 

DIR 

.00-. 01 

.01-. 93 

.03-. 05 

THAN  .05 

PERCENT 

N 

.611 

2,5^6 

1.711 

1  .955 

6  •  7 1 4 

NNE 

.427 

1.190 

1.539 

.672 

3.78  9 

ME 

.183 

.48  3 

.183 

.611 

1.466 

ENE 

.550 

.395 

.122 

•  5  5^ 

1.52  8 

E 

1.344 

1.161 

.172 

.916 

3  •  6'4 c 

ESE 

1.28  3 

.916 

.06  1 

.4?7 

7 . 6  0  9 

SE 

.794 

3.390 

•  1.72 

1 .495 

5.6  2  3 

SSE 

.67  2 

2.139 

1 .039 

7.261 

6.113 

S 

•  488 

2.444 

1 .394 

6.745 

10.5 74 

SSW 

.183 

1  .4*5 

.42  7 

6.1  34 

7.151 

SW 

.305 

.794 

.395 

4.4  67 

5.867 

WSW 

.427 

1.283 

.4?  7 

2.5  96 

4.645 

w 

1.833 

3.973 

.6  72 

4.400 

1 0  •  8&0 

WNW 

3.300 

2.628 

•  244 

1 .772 

7.945 

NW 

2.261 

4,217 

.677 

2.444 

9.596 

M  ft  *  »,* 
’<««»• 

2.872 

4.64  5 

I  .772 

1.161 

10.452 

calm 

•■t  -  »  r  n 

•p  •  *  ■*  * 

^  ^  ^ 

.12  2 

.3  66 

•  4  8  8 

TOTAL  N 

10.  VALID 

HOU° -  1 

N  TIME  r>ER  1  00'  16 

36  ‘ 

AVG 

UG/CU.M 
4.6B7 
5.09?  ' 
3  •*>■0  3 
2.7^9 
3.465 
5.113 
4.491 
5.521 
6.04  3 
3.533 
9.360 
7.315 
4.946 
3.75  8 
2.845 
3.760 
6.130 


AVG 

UG/CU.M 
4.457 
4.2  94 


5.374 
4.133 
3 . 0  5  7 
2.469 
3.56  7 
5.203 
6.581 
6 . 0  5  8 
8.766 
7.054 

5,388 
3.94  6 
3.76  8 
2 .866 
6.44  7 
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APPENDIX  B  CONTINUED 
S 02  POLLUTION  ROSES  4  3 


CONCENTRATION  FREQUENCY-PERCENT  TOTAL  HRS 


WND 

PPM 

PPM 

PPM 

GRE  'TER 

total 

AVG 

DIR  , 

.00-. ^1 

• 

V— • 

1 

• 

.  > 
UJ 

.03-. 05 

THAN  .05 

PERCENT 

UG/CU. 

N 

.211 

2.824 

3.219 

.423 

6.779 

4.208 

NNE 

.353 

.938 

.347 

.647 

3.036 

4.778 

NE 

.211 

.423 

.262 

.423 

1.341 

4.923 

ene 

1.059 

.776 

0.000 

.776 

2.612 

3.14Q 

E 

1.3*1 

.847 

.211 

1 

.412 

3.613 

3. 86  3 

ESE 

.282 

.918 

0.000 

1 

•  ^59 

2.269 

5.086 

SE 

.494 

2.118 

.211 

■  1 

.200 

4.025 

3.946 

SSE 

.423 

1.906 

1  .  05  9 

2 

.693 

6.073 

5.718 

S 

.847 

1.8  36 

2.189 

6) 

.638 

11.511 

6.880 

ssw 

.353 

.  .918 

.0  70 

*3 

.954 

5.296 

9.142 

sw 

.282 

.918 

.353 

2 

.683 

4.2  37 

8.63? 

wsw 

.070 

.353 

.232 

2 

.471  ■ 

3.177 

9.09  9 

w 

1.977 

3  .248 

.211 

o 

.601 

9.039 

5.397 

■WNW 

3.10  7 

3.319 

.353 

2 

.61? 

9.392 

4.015 

NW 

3.248 

6.497 

.211 

2 

.04  8 

12.006 

2.942 

NNW 

.988 

2.754 

1 .906 

.947 

6.49  7 

3.784 

calm 

0.000 

1 .200 

.282 

1 

.977 

3.4  60 

6.62? 

total  no 

.  valid 

HCJRS  1 

N  T  1  •'£  P 

-ERIOD  1416 

502  POLLUTION  ROSES  4 
CQ.NCENTP.AT  ION  FREQUENCY 

4 

-PERCENT 

TOTAL  hr 

"j 

WMD 

PPM 

PPM 

PPM. 

GRE, 

A-TEP 

total 

AVG 

DIR  * 

0  0-.91  ' 

.01-. ^3 

.03-. 05 

THAN  .*5 

PERCENT 

UG/CU.'’ 

N 

1.032 

3.157 

2.183 

1 

.639 

8.014 

3.946 

NNE 

.723 

1.457 

.  303 

.971 

3.460 

4.070 

NE 

1.335 

1.092 

.303 

.667 

3.400 

2.953 

ENE 

1.214 

.723 

.132 

1! 

.032 

3.157 

3.796 

E 

.546 

.667 

.121 

.607 

1.94? 

3.393 

ESE 

.132 

1.639 

0 .000 

.3  64 

2.155 

3.042 

SE 

.425 

2.489 

.24  2 

.971 

4,128 

3.986 

SSE 

.425 

2.423 

1.457 

1 

.7  00 

6.010 

4.531 

S 

.850 

2.367 

1.275 

9 

.775 

.  14.263 

9.024 

ssw 

.060 

.971 

.18? 

4 

.614 

5.32  3 

8.559 

sw 

.121 

1.032 

•  2  4  2 

4 

.6  14 

6.010 

8.589 

wsw 

1.821 

2.367 

.24? 

2. 

.7  32 

7.164 

5.016 

w 

2.185 

4.735 

.7  2  8 

3.217 

10.863 

4.064 

WN’.v 

1  .092 

3.035 

.242 

•  97! 

5.34  3 

3.205 

NW 

1.214 

1.214 

.4  2'"' 

,7«o 

3.642 

3.318 

NNW 

1.396 

1.942 

2.48- 

1.338 

7.164 

3.865 

calm 

o.ooo 

1  .487 

1.032 

1.15  8 

3.642 

6.242 

total  no, 

.  valid 

hours  r 

;  TIME  P 

E  R  1 :: 

.0  1647 

7? 


APPENDIX  B  CONTINUED 
S02  POLLUTION  ROSES  4 
CONCENTRATION  FREGUENCY- 


wnd  ( 
DIR  .C< 
N 

NNE 

NE 

ENE 

E 

ESE 

SE 

S5E 

S 

SSW 
S  W 

wsw 

w 

WNW 

NW 

NNW 

CALM 

total  no. 


PPM 

.00-. 01 
.307 
.246 
.246 
.615 
.553 
.184 
.246 
.246 
1.169 
.307 
.430 
1.292 
2.461 
1.10  7 
1.476 
1.723 
O.OOG 


PERCENT  TOTAL  HRS 
PPM  GREATER  TOTAL. 


01-. 93 

.0  3-.  05 

THAN  .05  PERCENT 

2.338 

2.030 

1.784 

6.461 

.861 

1.169 

.736 

3.016 

.123 

.246 

.7  38 

1.353 

0.090 

0.030 

1.230 

1 .346 

o.ooo 

.123 

.300 

1.476 

.123 

0.000 

.492 

.799 

1.046 

.061 

.861 

2*215 

2.461 

1.353 

2. 400 

1  '6.461 

2.215 

1.533 

8.123 

] 3.046 

.615 

.307 

3.753 

4.984 

.430 

.184 

3.753 

4.799 

2.030 

.123 

2.646 

6.092 

4.061 

.92  3 

4,246 

1 1.692 

/  -*  o 

2.030 
1.415 
2. 030 
.061 


.154 

.2  4  6 
1.292 


VALID  HOURS  IN 


54  1.415 
46  1.169 
92  .92  3 
0”!  .134 
E  PERIOD 


4.307 

5.969 

.246 


AVG 

L'G/CU.M 
4.395 
4.361 
6.115 
5.993 
4.395 
4.92  3 
4.733 
5.220 
6.617 
8.815 
9.912 
6.215 
4.805 
4.013 
3.637 
3.439 
7.166 


1625 
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APPENDIX  D 


PERCENT 

OF  LAPSE 

RATE  PER 

hour  of 

DAY 

FREQUENCY 

OF  LAPSE 

RATE  PER 

HOUR  OF 

DAV 

HOUR 

SUPER 

DRY 

LAPSE  ISOTHERMAL 

INVERSION 

ADIABATIC  ADIABATIC 

127- 

249  FOOT  LAYER 

1 

3 

0 

18 

4 

61 

*  145 

0.000 

.875 

.194 

2.966 

2 

4 

2 

20 

10 

50 

.194 

.097 

.972 

.486 

2.431 

3 

4 

3 

25 

7 

47 

.194 

.145 

1.215 

.340 

2.285 

4 

6 

1 

30 

5 

44 

.291 

.048 

1.459 

.243 

2.140 

5 

7 

2 

39 

6 

31 

.340 

.097 

1.896 

.291 

1.507 

6 

10 

2 

43 

6 

24 

.486 

.097 

2.091 

.291 

1.167 

7 

5 

0 

12 

5 

63 

.243 

0.000 

.583 

.243 

3.064 

8 

5 

2 

27 

7 

44 

.243 

.097 

1.313 

.340 

2.140 

9 

10 

0 

34 

12 

29 

.486 

0.000 

1.653 

.583 

1.410 

10 

10 

2 

51 

3 

19 

.486 

.097 

2.480 

.145 

.924 

11 

11 

4 

57 

1 

13 

.535 

.194 

2.772 

.048 

.632 

12 

21 

4 

45 

6 

10 

1.021 

.194 

2.188 

.291 

.486 

13 

4 

4 

44 

3 

31 

.194 

.194 

2.140 

.145 

1.507 

14 

8 

5 

46 

6 

21 

.389 

.243 

2.237 

.291 

1.021 

15 

9 

7 

43 

7 

20 

.437 

.340 

2.091 

.340 

.972 

16 

11 

6 

48 

10 

11 

.535 

,291 

2.334 

.48  6 

.535 

17 

17 

1 

44 

5 

19 

.  326 

.048 

2.140 

.243 

•  92  4 

18 

17 

49 

c 

-> 

1  5 

.826 

0.000 

2.383 

.243 

.729 

19 

2 

1 

.21 

56 

.0  97 

•  "48 

: .  0  2  1 

.291 

2.723 

29 

3 

ON 

29 

7 

4  7 

.145 

~  ~  0  0 

1  .410 

.340 

2.285 

21 

4 

1 

32 

1  1 

38 

.194 

."43 

1  ."'56 

.535 

1.848 

22 

5 

1 

r\ 

Of 

35 

.243 

.04  8 

1.702 

.437 

1.702 

23 

7 

2 

n  0 

7 

31 

.349 

.09  7 

1.348 

•  34q 

1.5  0-7 

24 

1  1 

3 

3Q 

7 

26 

.535 

.145 

1.596 

.340 

1.264 
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appendix  d  com T 1  . 

NUED 

2  49-4 
1 

52  FOOT  LAYEP 

27  9 

8  0 

4 

1.313 

.4  37 

1  .459 

•  1  94 

2 

18 

7 

40 

2 

.875 

.3  40 

1.945 

.097 

3 

25 

4 

31 

3 

1.215 

.  194 

1.507 

.145 

4 

20 

6 

32 

2 

.972 

.291 

1.5  56 

.097 

c 

15 

8 

37 

3 

.729 

.33  9 

1.799 

.145 

6 

25 

6 

31  • 

3 

1.215 

.291 

1.507 

.  145 

7 

26 

9 

24 

1 

1  .264 

.4  37 

1.16  7 

.048 

p 

3  C 

3 

27 

2 

1.459 

.145 

1.313 

.09  7 

9 

33 

6 

24 

4 

1 .605 

.291 

1.167 

•  1  94 

10 

38 

9 

25 

2 

1  1 

1 .848 

.437 

1.215 

.09  7 

41 

10 

3  5 

1 

1.994 

.486 

1.459 

•  0  4  8 

12 

5  5 

12 

16 

1 

2.675 

.583 

.7  76 

.048 

1  3 

66 

*7 

1  3 

14 

3.21" 

.340 

.63? 

''.'’Of) 

61 

9 

16 

2.966 

.•'‘37 

.778 

0.0^0 

1  5 

52 

14 

20 

/■N 

2.529 

.6  80 

.9  72 

n  #  r>  >•'  /> 

16 

61 

17 

2.966 

.3  39 

.32  6 

0.00  0 
n 

1  7 

46 

14 

26 

2.237 

.6  30 

1.26  4 

o 

1  O 

4  ? 

7 

27 

2.188 

•  540 

1.313 

«  #  ^  r  a 

19 

3  7 

14 

31 

1  .556 

•  6, 6  0 

1.5-.7 

0  »  ^  n  0 

2  0 

2  8 

1" 

34 

2 

2  1 

1.361 

.486 

1.65  3 

.077 

18 

12 

44 

1 

.8  75 

.588 

2.140 

.04  3 

27 

<■; 

35 

1 

2  3 

1.31? 

•  4  3  7 

1.70  2 

•  048 

2  6 

10 

3  3 

1 

1.215 

.48  6 

1.6?  5 

.  0  4  ' 

2  4 

27 

7 

32 

1.313 

.340 

1.556 

.097 

16 

.778 

19 

•  9.?4 

23 

1.118 

26 

1.264 

22 

1.070 

20 

.972 

25 

1.215 

23 

1.118 

18 

.875 

11 

•  535 
4 

•  194 
2 

.097 

0 

" •09'' 

0 

c.coo 

0 

".000 

0 

0.000 

0 

".00  0 

7 

•  34  ^ 

9 

.437 

12 

.58  3 
11 

.535 
1  3 

.632 

16 

.7  78 
18 

.875 
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APPENDIX  D  CONTINUED 


127-452 

FOOT  LAYER 

1 

1 

0 

66 

0 

19 

•  048 

0.000 

3.210 

0.000 

.924 

2 

2 

1' 

63 

1 

19 

•  097 

.048 

3.064 

.048 

.924 

3 

3 

0 

59 

0 

24 

•  145 

0.000 

2.869 

0.000 

1.167 

4 

5 

0 

55 

1 

25 

.243 

0.000 

2.675 

.048 

1.215 

5 

5 

2 

54 

4 

20 

.243 

.097 

2.626 

.194 

.972 

6 

6 

2 

56 

0 

21 

.291 

.097 

2.723 

0.000 

1.C21 

7 

4 

0 

54 

1 

26 

.194 

0.000 

2.626 

.048 

1.264 

8 

4 

1 

56 

0 

24 

.194 

.048 

2.723 

0.000 

1.167 

9 

10 

0 

54 

0 

21 

.486 

0.000 

2.626 

0.000 

1.021 

10 

12 

3 

59 

0 

11 

.583 

.145 

2.869 

0.000 

.535 

11 

15 

7 

60 

0 

4 

.729 

.340 

2.918 

0.000 

.194 

12 

33 

8 

43 

3 

2 

1.605 

.389 

2.091 

0.000 

.097 

13 

14 

12 

60 

0 

0 

.680 

.583 

2.918 

o.oco 

0.000 

14 

21 

5 

60 

0 

0 

1.021 

.243 

2.918 

0.000 

0.000 

15 

17 

7 

62 

0 

0 

.826 

.340 

3.015 

o.coo 

o.coo 

16 

15 

4 

67 

n 

0 

.729 

.194 

3.258 

%0CA 

17 

11 

3 

72 

0 

0 

.535 

.145 

3.501 

o.coc 

o.oco 

18 

13 

3 

60 

0 

5 

.632 

.389 

2.918 

0.000 

.243 

19 

C 

1 

73 

0 

12 

.000 

.048 

3.550 

0.000 

.583 

20 

1 

1 

69 

1 

14 

.043 

.048 

3.356 

.04  3 

.630 

21 

3 

0 

69 

0 

14 

•  145 

0.000 

3.356 

■  '■'.090 

.680 

22 

4 

1 

X  • 

65 

1 

14 

.194 

.048 

3.161 

.048 

.68  0 

23 

4 

2 

62 

A 

16 

.194 

.097 

3.015 

.048 

.773 

24 

7 

E, 

56 

1 

17 

.340 

.243 

2.723 

.048 

.826 
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APPENDIX  D  CONTINUED 

AVERAGE  LAPSE  RATE  PER  LAYER 

LAYER  127  FT.  TO  249  FT.  -.229  DEG  F. 

LAYER  249  FT.  TO  452  FT.  -.670  DEG  F. 

LAYER  127  FT.  TO  452  FT.  -.899  DEG  F. 

THE  FREQUENCY  LAPSE  RATE  CONDITION  PER  LAYER 

THE,  percentage  a  lapse  rate  condition  exists  per  layer 

SUPER  dry  LAPSE  ISOTHERMAL  INVERSION 

ADIABATIC  ADIABATIC 
127-249  FOOT  LAYER 


194  53 

9.435  2.577 

249-452  FOOT  LAYER 
841  210 

40.904  10.214 

127-452  FOOT  LAYER 
210  73 

10.214  3.550 


869 

155 

785 

42.266 

7.538 

38.180 

V. 

675 

35 

295 

•r' 

.  f 

32.830 

1.702 

14.348 

'f 

1454 

11 

308 

£ 

70.719 

.535 

14.980 

'X 

